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1. INTRODUCTION

This report describes the laboratory evaluation of two Fly-By-Wire

demonstrators obtained for that purpose by the Air Force from the

Grumman Aerospace Corporation of Bethpage, New York. One demon-

stration unit was manufactured by the Bertea Corporation of Irvine,

California, and the other by National Waterlift Corporation of

Kalamazoo, Michigan. This report describes the testing approach,

the system configurations tested and the test results for the

two demonstrators.

The demonstration unit manufactured by Bertea Corporation is a

force sharing configuration with the parallel operating control

channels connected together at the mechanization output. All

channels contributed to the mechanization force output. The demon-

stration unit manufactured by the National Waterlift Corporation

is an active-on-line configuration with one of the parallel operating

control channels generating the force output of the mechanization.

The other channels generate little or no force until failure of

the active channel.

Both demonstration units were supplied in two sections, consisting

of the control electronics and the electro-hydraulic actuator.

Both units provided for a wide variation of the mechanization

parameters associated with the electronic portion of the demonstrators.

The actuators of both demonstrators are designed to position the

control spool of a power actuator and not as a complete Fly-By-Wire

mechanization for controlling an aerodyn-nic surface.
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The testing procedure used for evaluating the two demonstratio-i

units established the electrical parameters at specific values.

The values used were selected to allow direct comparison of the

performance parameters with other Fly-By-Wire configurations

evaluated by Dynamic Controls, Inc. under previous contract

efforts with the Air Force. Three different mechanization vari-

ations for the force sharing system were evaluated. The mechanization

variations were associated with force equalization networks pro-

vided as an integral part of the demonstration unit. One configur-

ation of the active-on-line demonstration unit was evaluated.

This evaluation testing was conducted as part of an overall evalua-

tion of general Fly-By-Wire mechanizations for aircraft control

systems. The overall evaluation is directed at providing informa-

tion which will allow selecting one or more basic configurations

for new aircraft incorporating Fly-By-Wire control systems. From

a performance aspect, the use of Fly-By-Wire control allows much

greater component commonalty for the flight control systems than

the mechanical mechanizations used in the past. However, the

Fly-By-Wire systems generated to date for both development and

production systems have very little commonalty of approach or

hardware. The continuing development of new configurations to

perform the same control functions is costly in time and money.

The common use of one or two basic Fly-By-Wire configurations for

all new aircraft would allow improving the reliability and pro-

ducibility of the basic systems, rather than expending the same

resources in developing a different system for each new aircraft

design.
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2. TEST PROCEDURE

2.1 Introduction

The objective in testing the two actuator configurations was to

establish the performance parameters and redundancy operating

characteristics of the mechanization as a control element in the

Fly-By-Wire control system. For this evaluation, the actuator

and control console were treated as a "black box" and the output

of the actuator for selected inputs (both elecartical command and

hydraulic power) was measured. Since the control console was not

representative of flight hardware, electrical supply power input

variations were not included in the evaluation. Since a redundancy

mechanization is supposed to continue its control element function

after selected failures, the evaluation measured the actuator

performance before and after injected failures.

In general, the following evaluations were conducted:

1. Evaluation of input-output performance

2. Evaluation of transients during failure removal

3. Evaluation of failure trip sensitivity

The parameters measured for the input-output performance evaluation

were:

a. Threshold - static and dynamic

b. Frequency response and distortion - small and
large signal

c. Linearity and Hysteresis

d. Time response - large and small step input

These performance parameters were measured under the conditions

of no failures, after selected failures, and with input deviations

3



near the failure trip level for the particular input. The failure

transient evaluation documented the actuator output change during

the failure correction action due to hydraulic or electrical

failures. The failure trip sensitivity testing documented the

variation of electrical or hydraulic inputs which caused the

actuator to indicate a failure.

In setting up the operating points for the two demonstration units,

the nominal frequency response and failure detection levels were

adjusted to either approach or meet the general values used for

testing FBW mechanizations evaluated previously. The operating

points were established by changing the gain parameters of the

mechanization within the electronic components contained in the

control consoles. The nominal frequency response (the point at

which the phase lag equals -900 or the amplitude response is -3 Db)

was set at 20 Hz. This is consistent with the response requirements

for the stability augmentation function of a high performance flight

control system. The detection levels for the failure detection

were established at 50% of the input level which causes saturation

of the servovalve output. The input levels assigned for full

stroke command were set at a level that allowed at least a 4%

input level command to be applied to the mechanization at any

frequency without incurring saturation distortion.

In presenting the test results, the measured performance parameters

are given in terms of % of the input level for full output stroke

wherever applicable. This normalizes thp data presentation for

comparison with the performance of other mechanizations.
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2.2 General Test Procedure

The following is the general test procedure used for evaluating

the demonstration systems. This procedure defines the measured

parameter and states the general method used in making the

measurement. The procedure is divided into the following

sections:

1. Performance Measurements

2. Failure Effect On Performance

3. Input Deviations Effect

4. Failure Removal Transients

2.2.1 Performance Measurements

2.2.1.1 Threshold

Static Threshold "The minimum input change from zero
level which causes a measurable
output change."

Procedure Apply a slowly increasing + input
until a measurable output change

occurs. Repeat for - input. Thres-
hold is indicated by the minimum
input change for a measurable output

change.

Dynamic Threshold "The input level (at a particular

frequency) required to cause a
measurable output level."

Procedure A sinusoidal input at a selected
frequency of 50% of the bandpass
of the actuator is applied to the
actuator. The amplitude of input

to create a measurable output indicates
the dynamic threshold. The bandpass

of the actuator is defined as the fre-

quency at which -3db amplitude or 
900

phase shift occurs (whichever is lower
in frequency).
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2.2.1.2 Frequency Response

"With a sinusoidal actuator input,
the frequency response of the
actuator is the output of the ampli-
tude ratio and phase shift as a
function of frequency."

Procedure A sinusoidal input of an amplitude
which is:

a. large enough to minimize the
nonlinearity distortions of
threshold and hysteresis

b. small enough to avoid velocity
saturation in the frequency range
of interest is applied to the
actuator input. The ratio of
output amplitude to input ampli-
tude and output phase relative
to input is recorded.

The curves of the amplitude ratio
and phase indicate the frequency
response.

2.2.1.3 Distortion

"The amount of deviation of the
actuator output from the input
waveform."

Procedure The harmonic distortion, at the input
level used to measure the frequency
response, is recorded at sinusoidal
input frequencies of 10%, 50% and
100% of the bandwidth.

2.2.1.4 Linearity

"The deviation of output vs. input
from a straight line relationship."

Procedure Apply an input from - max. to + max.
input while recording the corresponding
output position. Linearity is indicated

6
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by max. deviation of the plotted
output vs. input from a straight line
drawn between zero and a point which

minimizes the maximum deviation of
the plotted curve from the straight

line. Repeat for + input to - input.

2.2.1.5 Hysteresis

"The non-coincidency of loading and
unloading curves."

Procedure Apply a slowly varying input to the
actuator at 10% and 1% of max. input
in the following sequence while record-
ing the actuator output position:

0 to + direction input

+ input to - direction input

- input to + input

From the plot of output vs. input,

the hysteresis is indicated by the
difference between + direction actua-
tor output position and - direction
output position for the same input
level.

2.2.1.6 Time Response

Saturation Velocity "The maximum velocity at which the

actuator is capable of moving in
each direction."

Procedure With the actuator at zero position,
a maximum amplitude input is applied
to the actuator while the actuator
motion vs. time is recorded. The test
is conducted for both directions of
actuator motion. The slope of the
position vs. time record indicates the
saturation velocity.

Transient Response "The time response of the actuator
output to an applied step input."
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Procedure Apply a step input to the actuator

and record the corresponding actuator
motion. The amplitude of the step
should be:

a. large enough to minimize the
nonlinearity distortion of thres-
hold and hysteresis

b. small enough to avoid velocity
saturation.

The plot of actuator output motion
vs. time indicates the transient

response.

2.2.2 Failure Effect on Performance

2.2.2.1 Failure Effect

"The change on the performance of

a redundant actuator due to input
failures or internal failures of

actuator components."

Procedure Inject hydraulic or electrical input

failures into the actuator under test
to cause it to operate in its "failure
operational" modes. For each mode,
measure the performance by repeating
the Performance Measurement Tests.
The input levels should be maintained
at those used for the "no failure"
performance tests, unless the per-
formance changes dictate differeit
levels in order to obtain reasonable
test data.

2.2.3 Input Deviations Effect

2.2.3.1 Electrical Deviations

"The change of electronic inputs,
both power and control, with respect

to the normal values and/or each
other."

8



Procedure Adjust the electrical inputs one at
a time until either the maximum
expected deviation of the input is
reached or the failure trip level is

reached. Section 2.1 will be measured
with each electrical input deviation

adjusted one at a time to the maximum
deviation expected or a value of 90%
of that which will cause a failure
trip.

2.2.3.2 Hydraulic Deviations

"The change of hydraulic pressure
inputs with respect to the normal
values."

Procedure Adjust the hydraulic inputs one at
a time until the maximum expected
deviation or a failure trip level is
reached. The performance parameters

of Section 2.1 will be measured with
each hydraulic input adjusted one at

a time to the maximum deviation ex-
pected or a deviation value of 90% of
that which will cause a failure trip.

2.2.4 Failure Removal Transients

2.2.4.1 Electrical Failure Transients

"The change in actuator output during

failure corrective action due to
electronic input failures causing

transfer from one operational mode to
another."

Procedure Apply a slowly changing input to one
control channel of the actuator. Re-
cord the actuator output change during

the corrective action of actuator. Re-
peat the test for each control channel
input and failure mode condition. Re-
peat for a hardover step input.

Apply a sinusoidal input to all channels.
Open each input while recording actuator
output.

9



2.2.4.2 Hydraulic Failure Transients

"The change in actuator output during
failure removal corrective action

due to hydraulic input failures causing
transfer from one operational mode to
another."

Procedure Apply a slowly decreasing hydraulic
input to one control channel of the

actuator. Record the output change
during the corrective action of the
actuator. Repeat the test for all
hydraulic inputs.

Repeat the preceding test with a rapid
decrease of hydraulic input pressure.

2.3 Test Configuration

Figure 1 is a block diagram schematic of the instrumentation, command

and power connections used during the laboratory evaluation of

the two demonstration systems. As shown on Figure 1, a Bafco Servo

Analyzer was used with an Esterline Angus XYY' plotter for making

the frequency response measurements. The Hewlett Packard Model 333A

distortion analyzer was used for the input and output signal distortion

measurements. The Wavetec Model 144 sweep generator and the XYY'

plotter were used for making the hysteresis and linearity measurements.

Failure removal transients were recorded on the Brush 200 recorder.

The power required for operating the control consoles of each demon-

strator was connected to the laboratory 60 Hz 110 volt power. As shown

on Figure 1, the input commands were run from a general purpose switch

and potentiometer panel. This panel allowed individual variation of the

4 inputs for the control channels of the demonstration 'ystems and the

injection of hardover input commands. Hydraulic power for the evalua-

tion was obtained from the 30 GPM, 3000 psi laboratory pumping system.

Supply pressure for the demonstration systems was connected through two

pressure reducing valves to allow evaluating the effect of hydraulic

pressure degradation on the performance of the demonstration system.

10
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3. FORCE SHARING FBW SYSTEM EVALUATION

3.1 Introduction

The Bertea FBW Demonstrator was evaluated in three separate configura-

tions. These configurations were the following:

1. Configuration A - Force summed with no
equalization or integration

2. Configuration B - Force summed with
equalization and no integration

3. Configuration C - Force summed with
equalization and integration

The general characteristic of a force summed system is that offset or

null shifts in individual control channels due to normal variations of

the components of the channels cause force summing fights. The

force fights lead to threshold levels greater than that of a single

channel. The testing of Configuration A evaluated the force summed

configuration as a basic configuration. Configuration B and C

are configurations which include feedback techniques intended to

reduce the force fight between control channels and eliminate the

threshold problems associated with those force fights. Therefore,

the purpose of the evaluation of Configurations B and C was to

establish the characteristics of operating the basic force summed

system with the equalization and integration loops incorporated into

the mechanization.

In evaluating the mechanization for specific failures, no attempt

was made to create internal failures in either the console electronics

or the actuator. The failures simulated were created by failing

the inputs to the demonstrator (electrical command and hydraulic

power). These failures did not address directly internal failure

modes possible within the particular mechanization. It is assumed

12



that common mode failures are not part of the mechanization design

and that the effect of internal failures of a control channel fall

within the extremes of the hardover and slowover input failures

used for the evaluation testing.

The Bertea FBW demonstrator was designed to represent the secondary

actuator approach to a FBW mechanization. The output of the demon-

strator would normally be connected as an input to the power actuator

driving a control surface. The test results are of a secondary

actuator and not the power actuator of a FBW system.

3.2 Hardware Description

The actuator package for the force-summed configuration is an

electrohydraulic four channel configuration. Three of the channels

function in a normal force vote and the fourth channel operates

at a 50% force limit in a standby mode. Upon a failure of one of

the three other channels, the force output limit on the standby

channel is removed. The actuator package as tested weighed

approximately 30 lbs and measured 13 X 8 X 8 inches. As shown in

Figure 2, the four separate actuator modules are mounted on a

common base. The output of each actuator is attached to a force

summing bar which is hinged and incorporates an output clevis.

Each actuator is controlled by a single stage jet pipe servovalve

having a flow capability of .174 GPM at maximum input current and

3000 psi supply pressure. The actuator also incorporates differen-

tial pressure equalizers to provide load equalizing feedback when

the differential pressure across an actuator drive area exceeds

a specific design level. A solenoid valve is incorporated into

each actuator to allow disconnecting hydraulic pressure to the jet

pipe servovalve when a channel failure is detected. The characteristic

of a jet pipe servovalve when depressurized is to act as a bypass

path across the actuator drive area. Channel 4 uses an additional

solenoid which, when energized, provides that channel with a 100%

force capability.
13



FIGURE 2 Force Sharing Demonstration System Actuator
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The spool of the equalizer is designed to bypass the actuator

drive area when the differential pressure exceeds 1200 psi. The

equalizer of the standby actuator incorporates a detent piston on

each end. The detent pistons are connected to a solenoid valve.

Pressurization of the detent piston by the solenoid valve changes

the force limit from 50% to 100% (the 1200 psi limit). Each actuator

incorporates a linear variable-differential transformer mounted

inside the actuator piston rod. This transducer is used to provide

position feedback for the channel's actuator position.

he electronic controller supplied with the actuator provides

failure detection, voting and servo loop control of the demon-

stration actuator. Figure 3 shows the control console used with

the demonstration system. The control console electronics include

four servo channels. Each servo channel incorporates two servo-

amplifiers (a model and an active amplifier), a demodulator, cross-

over network, threshold and failure logic circuits and a solenoid

driver. The active servoamplifier of each channel is connected

to the servovalve. The model servoamplifier is connected to a

dummy load. A comparison of the model and active servo output

currents is used to detect servoamplifier failures of each channel.

The demodulator of each channel is used to convert the feedback

transducer output signal to a DC control voltage for closing the

control loop of the actuator. The crossover network is used to

convert the output of the variable reluctance transducer (used

with the force equalizer) to a DC voltage. The threshold circuits

are used with the failure logic and receive signals from the servo-

amplifier outputs and the equalizer transducers.

The failure logic processes the outputs of the threshold circuits

and includes a time-delay circuit for declaring a failed channel.

Figure 3 shows several electronic modules positioned between the

control console and the demonstration actuator. These modules are

the electronics used with the integration and equalization feedback

15
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techniques for Configurations B and C. The control console incor-

porates a test panel for failure simulation purposes.

3.3 Operational Description

Four channels are used with the force summing mechanization, with

the fourth channel being required to meet the dual fail operate

requirement. The fourth channel is kept in a low force capability

or "standby" operating condition until a normal channel fails.

This is done to eliminate the possibility of an even channel force

fight occuring with all four channels operating together (with

three channels force summed, one channel is "controlling" and

the other two "cancelling" in a force fight situation). The use

of the equalizer in each channel actuator acts both as a feedback

device to reduce the force gain of the channels and an automatic

bypass for a channel if it disagrees greatly from the other two.

Note that the mechanization as designed is constrained to limited

loading on the output link since the equalizers bypass the actuators

at a 1200 psi load pressure across each channel actuator.

In the event of a failure causing an actuator to disagree with the

other two actuators, the equalizer spool moves in response to the

differential pressure across the actuator drive area (created as

the actuator tries to move to a new position against the force

output of the other two channels). When the equalizer output signal

reaches a predetermined level, the logic trips causing the channel

to be declared failed and depressurized.

Besides the equalizer output failure detection circuitry, failure

detection circuitry for passive servoamplifier failures is in-

corporated into the mechanization. Servoamplifier failures

which would not create a differential pressure across the equalizer

spool are detected by comparing the channel's servoamplifier output

17
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with the model servoamplifier used in each channel. For failures

detected by this circuitry, no corrective action is taken although

the failure is indicated by a warning light.

Figure 4 is taken from a schematic (provided by Grumman) of one

actuator channel as used in the demonstrator. Specific system

parameters used for the evaluation testing of the demonstrator were

the following:

Operating Pressure 3000 PSI

Maximum Actuator Stroke + .190 inches

Nominal Position Loop Gain 125 Radians/sec.

Failure Detection Level 50% (4 Ma) of saturation

valve current

Maximum Input Control Voltage + 10 volts

The values used for the actuator stroke and loop gain were changed

from the original configuration of the demonstrator in order to

increase the input level causing rate saturation of the actuator

at high frequencies. As originally received, input levels greater

than 1% of the input level for maximum actuator position caused

saturation distortion of the output at high frequencies. The

nominal loop gain as received was also greater than 314 radians/sec.

The 1% input level for rate saturation is lower than that typical

of a general FBW system and the 50 Hz response (corresponding to

the loop gain of 314 radians/sec) greater than that required for

a high performance FBW system. In order to increase the % input

level causing rate saturation, the system position loop gain was

decreased to the 125 radians/sec and the stroke for maximum position

of the actuator was decreased below the mechanical limits of the

actuator. This allowed an input level of 4% of the maximum command

input without rate saturation of the actuators. These changes were

made with the understanding and approval of the Grumman personnel

providing the demonstrator for evaluation.
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Figure 5 is a schematic of one control channel of the mechani-

zation with the gain values used for the evaluation testing. The

values for the feedback paths of the position and equalization

loops reflect the modifications made to establish the nominal

loop gains for the position loop and the detection levels for

the pressure equalization loops.

3.4 Specific Test Procedure - Configuration A

Table 1 lists the 27 test conditions and the values used for

evaluating Configuration A of the force sharing demonstration

unit. Test conditions 1 through 11 are the various operational

modes of the system. For each of these operational modes, the

performance measurements described in Section 2.2.1 were used to

document the performance characteristics. The other test condi-

tions correspond to the "Failure Effect on Performance" measurements

described in Section 2.2.2 and the "Input Deviations Effect"

measurements described in Section 2.2.3.

Test conditions 12 through 27 correspond to "Failure Removal

Transients" measurements described in Section 2.2.4. The test condi-

tions 12 through 27 state both the initial conditions and the

test used for creating the transient condition.

3.5 Test Results

3.5.1 General

In order to reduce the volume of test data presented in this section,

the majority of the performance measurement data has been reduced

to tabulated form. Since time response characteristics are not

well defined by listing just one or two characteristic parameters,

the step response measurements and the failure transient measurements

20
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TABLE 1

TEST CONDITIONS

Grumman - Bertea Unit - Configuration A

Test Condition Test Condition Description

1 Baseline - all channels nulled, pressurized
(3000 psi) and operating correctly.

2 One channel (1) electrical failure.

3 Two channels (I & 2) electrical failure.

4 One channel (1) hydraulic failure.

5 Two channels (1 & 2) hydraulic failure.

6 One channel (1) with negative input offset
(biased to 90% of trip level).

7 One channel (1) with positive input offset
biased to 90% of trip level).

8 Two channels (i & 2) with negative input
offsets (both channels biased negatively

to 90% trip level).

9 Two channels (1 & 2) with opposing input
offsets (channel 1 biased positively and
channel 2 biased negatively to 90% trip
level).

10 One channel (1) with hydraulic pressure
reduced to 2000 psi.

11 Two channels (1 & 2) with hydraulic pressure
reduced to 2000 psi.

FAILURE TRANSIENTS

12 Ground inputs to channels 1, 2 & 3 sequentially
with system at 50% extend.

13 Ground inputs to channels 1, 2 & 3 sequentially
with system at 50% retract.

22

-j 1 _ _,m i



TABLE 1

TEST CONDITIONS (cont'd)

Test Condition Test Condition Description

14 Ground inputs to channels 1, 2 & 3 sequentially
with the system operating at the bandpass
frequency (10 Hz) with the maximum unsaturated
input.

15 Ground the inputs to channels 1 & 2 sim-
ultaneously with the system operating at

the bandpass frequency (10 Hz) with the
maximum unsaturated input amplitude.

16 Positive hardover (+1OV) sequentially applied
to channels 1, 2 & 3 with the system at null.

17 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with the system at null.

18 Positive hardover (+1OV) sequentially applied
to channels 1, 2 & 3 with the system biased
to 50% extend.

19 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with the system biased
to 50% extend.

20 Positive hardover (+1OV) sequentially applied
to channels 1, 2 & 3 with system biased to
50% retract.

21 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with system biased to
50% retract.

22 Positive hardover (+1OV) sequentially applied
to channels 1, 2 & 3 with system operating
at the bandpass frequency (10 Hz) with
the maximum unsaturated input amplitude.

23 Negative hardover (-10V) sequent~ally applied
to channels 1, 2 & 3 with system operating
at the bandpass frequency (10 Hz) with
the maximum unsaturated input amplitude.

23
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TABLE 1

TEST CONDITIONS (cont'd)

Test Condition Test Condition Description

24 Positive hardover (+IOV) simultaneously to
channels 1 & 2 with the system at null.

25 Positive hardover (+lOV) simultaneously to
channels 1 & 2 with the system operating
at the bandpass frequency (10 Hz) with
the maximum unsaturated input amplitude.

26 Apply a ramp of zero to I volt at 0.4 volts/sec
(+l.OV at 0.1 Hz) to channels 1, 2 & 3 sequen-
tially with system at null.

27 Apply a ramp of 0 to 1 volt at 0.4 volts/sec
(+l.OV at 0.1 Hz) sequentially to channels
1, 2 & 3 with system operating at the
bandpass frequency (10 Hz) with the maximum
unsaturated input amplitude.
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are presented graphically as recorded. The following results

are presented in tabulated form for Conditions 1 through 11:

1. Static Threshold

2. Dynamic Threshold

3. Frequency Response

4. Distortion

5. Hysteresis

6. Saturation Velocity

For these test results reduced to table form, a sample of the

data is included with the table. In addition to the tabulated

performance characteristics listed above, linearity and extend

and retract step responses for Conditions 1 through 11 are pre-

sented in graphical form.

In presenting the measurements of threshold and hysteresis,

the results are given both in percent of the input for full

actuator stroke and the input for full servovalve output flow.

In terms of the percent of full actuator stroke input, the

percentage value for a given amount of hysteresis reduces as

the maximum stroke of the actuator increases. Presenting the

percentage hysteresis in terms of the input for the maximum

control valve flow describes the threshold and hysteresis charac-

teristics in terms which allow comparing different control valve

driving mechanizations independent of the actuator stroke sizing.

The test results are presented in this section in the following

order:

1. Performance measurements for Conditions 1

through 11

2. Failure transients for Conditions I through 11

3. Failure logic detection characteristics.

25
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3.5.2 Performance Measurements

3.5.2.1 Static Threshold

Figure 6 shows the data recorded in establishing the static threshold

for Condition 1. Note that the .1 Hz ramp input is slowly increasing

with increasing time. The threshold value is determined by the

first input amplitude where the actuator output starts to respond

to the control input. Note that the high frequency noise content

of the output signal is not due to the characteristics of the position

LVDT and demodulator used in the control console. The noise content

is primarily made up of background noise picked up by the instrumenta-

tion lines to the recorder and is the result of the low output levels

measured during the particular test. The edge of the noise shows

the actuator responding to the .1 Hz input ramp. Table 2 shows the

static threshold values measured for test Conditions 1 through 11.

Note that the threshold in terms of the maximum input to the servo-

valve (% of E Max) is above 10% for all test conditions. The
V

threshold increases with both channel offsets and with loss of

control channels. This threshold value is considerably greater than

that exhibited by an electrohydraulic servovalve. Typical electro-

hydraulic servovalves exhibit thresholds of less than .5% of the

maximum rate current (equivalent to the percent rating in terms of

the maximum input voltage E v). The greater threshold is the result

of the low pressure gain values and force fight between channels

that is inherent with the mechanization. The force sharing mechaniza-

tion threshold does not compare favorably with the conventional

servovalve threshold performance. Note also that the threshold

in terms of the actuator stroke is less than .2%, a figure which

depends on the particular stroke of the actuator and does not indicate

the inherent characteristics of the mechanization.
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TABLE 2

STATIC THRESHOLD

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - Bertea Unit

Configuration A

TEST - STATIC THRESHOLD

Test
Condition Static Threshold

Input Volts / % of Max Input % of E v Max \

1 0.022 0.11 14.30

2 0.026 0.13 16.91

3 0.036 0.18 23.41

4 0.028 0.14 18.21

5 0.034 0.17 22.11

6 0.036 0.18 23.41

7 0.024 0.17 15.61

8 0.026 ,.13 16.91

9 0.036 0.18 23.41

10 0.032 0.16 20.81

11 0.026 0.13 16.91
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3.5.2.2 Dynamic Threshold

Figure 7 shows the data recorded in establishing the dynamic thres-

hold for Condition 1. A 14 Hz sine wave input was used to drive

the actuator. This frequency was .5 of the bandpass frequency

at which a -90° phase angle occurs. Note that on Figure 7 the

input amplitude of the driving frequency was gradually increased

with increasing time. On the bottom trace, the start of the

actuator response to the input signal is quite apparent.

Table 3 shows the dynamic threshold measurements for Conditions

1 through 11. In comparison to the static threshold, the dynamic

threshold varies from being slightly greater to considerably

greater than the static threshold. Note that for test Condition

3 with two channels electrically failed, the dynamic threshold

measured as 94.79% of the input to create maximum flow from the

servovalve of one channel. This implies that almost full error

current to the servovalves is required to cause the common output

of the control channels to move under this test condition. The

threshold values expressed in terms of the "% of the Max Input"

for full actuator position appear much lower. However, the

threshold in terms of the saturated valve input level indicates

(as did the static threshold results) that the force sharing

mechanization with low pressure gain valves can exhibit high

relative threshold levels. Note that the highest values of thres-

hold resulted from test Conditions 2, 3, 4, 5 and 11. These test

conditions all have one or more channels failed either electrically

or hydraulically.
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TABLE 3

Dynamic Threshold

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - Bertea Unit
Configuration A

TEST - DYNAMIC THRESHOLD

Test Dynamic Threshold
Condition

Input Volts % of Max Input Z of Ev Max

1 0.035 0.18 22.76

2 0.135 0.68 87.78

3 0.145 0.73 94.79

4 0.110 0.55 71.52

5 0.110 0.55 71.52

6 0.052 0.26 33.81

7 0.060 0.30 39.01

8 0.062 0.31 40.31

9 0.070 0.35 45.51

10 0.070 0.35 45.51

11 0.115 0.575 74.77
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3.5.2.3 Frequency Response

Figure 8 shows the frequency response recorded for the Condition

1 frequency response measurements. The response for all test

conditions resembled the Condition 1 response in terms of lack

of peaking and the roll-off slopes. Zero Db on Figure 7 corresponds

to an input amplitude of 4% of that required for maximum actuator

output stroke. The test input level met the criteria of not pro-

ducing over the recorded frequency range observable output wave-

form distortion due to threshold or saturation effects.

Table 4 lists the frequency response for Conditions 1 through

11 in terms of the frequencies at which the -90° phase angle and

the -3 Db amplitude ratio point occurred for each test condition.

Note that for all test conditions, the frequency associated with the

-3 Db amplitude ratio remained relatively constant. Condition 3,

with two channels failed electrically, reduced the -3 Db response

to 15 Hz from the "no failure" Condition 1 response frequency of

19.5 Hz. This was the lowest response frequency measured for

any of the test conditions. The variation of the -90° ohase shift

frequency followed the minor variations in -3 Db amplitude ratio

frequency. Condition 10, with one channel of hydraulic pressure

reduced to 2000 psi, exhibited the highest frequency corresponding

to -900 phase shift.

The frequency response did not degrade from the base line condition

1 when operated with input offsets (Conditions 6, 7, 8 and 9). This

was not anticipated since (for Configuration A) the equalizer

feedback was disabled and some frequency response degradation

due to the offset related force fighting was anticipated.
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TABLE 4

Frequency Response

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - Bertea Unit

Configuration A

TEST - FREQUENCY RESPONSE

Test

Condition Output 4% Full Scale

-3 Db Hz -900 Hz

1 19.5 36.0

2 17.5 33.0

3 15.0 29.0

4 18.0 33.5

5 15.5 27.0

6 19.0 34.0

7 20.0 34.0

8 19.0 33.0

9 19.0 32.5

10 19.0 45.5

11 17.0 33.5
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3.5.2.4 Distortion

Table 5 lists the harmonic distortion measurements for test

Conditions 1 through 11. For each test condition, 3 distortion

measurements are listed, corresponding to 5 Hz, 10 Hz and 20

Hz. The input level used when making the measurements was 4%

of the full scale input level (the same as that used in obtaining

the frequency response plots). Since some distortion can be

attributed to noise pickup on the instrumentation lines, the table

lists the distortion in terms of the % change from the baseline

value obtained for operating Condition 1. The baseline distortion

values are below 4% distortion for all three test frequencies and

indicate a distortion level that would be difficult to detect

visually on a sinusoidal signal.

The measured distortion increased from the baseline values for

test Conditions 2 through 6. However, the percent distortion

increase for the worst case was only an increase in distortion

of 2.5% (for Condition 3 @ 10 Hz). For the low frequency (5 Hz)

test with operating conditions 7 through 11, the distortion was

less than that of the baseline test Condition 1.

The distortion characteristics, like the frequency response, re-

mained commendably constant for the operating conditions

2 through 11. The base line distortion was quite low for the

test condition of 4% input and indicates good fidelity of the

signal transmission from electrical command to position output

of the mechanization.

3
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TABLE 5

Distortion

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - Bertea Unit
Configuration A

TEST - DISTORTION

Test Change of % distortion from baseline value

Condition

% @ 5 Hz % @ 10 Hz % @ 20 Hz

1 Baseline Value* Baseline Value** Baseline Value***

2 0.49 0.60 0.30

3 1.50 2.50 1.70

4 0.20 0.60 0.30

5 0.40 1.50 0.30

6 0.80 -0.20 0.10

7 -0.60 0 0

8 -0.30 0.10 0.50

9 -0.50 0.10 -0.20

10 -0.50 -0.20 0.19

11 -0.50 -0.30 0.40

*2.84% **2.86% ***3.66%
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3.5.2.5 Hysteresis

Figure 9 shows the data recorded for measuring the hysteresis

of the mechanization for Condition 1. The input level used

was +1% of the input for full actuator position. As shown on

Figure 9, the hysteresis loop resembles that of a device with

static friction in the control path.

Table 6 lists the hysteresis measured for the test Conditions

1 through 11 in terms of the actuator full scale input and in

terms of the input required to generate full flow from the

servovalve. Note that the hysteresis in terms of the input for

maximum actuator stroke is less than .25% for any test condition.

The hysteresis in terms of the input required to generate maximum

flow from the servovalve is much larger, with the lowest hysteresis

being 12.4% for the baseline Condition 1. For Condition 3, (with

two channels failed electrically), the hysteresis measured 23.4%

in terms of the input for maximum flow from the servovalve. Condi-

tion 5, with two channels failed hydraulically, gave a hysteresis

of 27.3%. Both these hysteresis figures are approximately twice

the "no failure" Condition 1 hysteresis and would appear to be

due to the reduction of the force gain of the mechanization with

failure of two channels. Hysteresis of a typical electrohydraulic

two stage servovalve is 3 to 4%, a figure considerably lower than

that of the demonstrator.
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TABLE 6

Hysteresis

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - Bertea Unit

Configuration A

TEST - HYSTERESIS

Test
Condition

% Full Scale % of E Max
V

1 .095 12.40

2 0.12 15.60

3 0.18 23.40

4 0.12 15.60

5 0.21 27.30

6 0.15 19.50

7 0.13 16.90

8 0.14 18.20

9 0.15 19.50

10 0.11 14.30

1i 0.10 13.00
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3.5.2.6 Saturation Velocity

Figure 10 shows the data recorded for test Condition 1 in order

to determine the saturated velocity of the demonstration actuator

output. Both the extend and the retract time traces for a step

of 8 volts (applied to the input of the demonstration unit) are

shown. This input voltage was large enough to insure that the

maximum flow to the actuator was obtained from the servovalves.

Table 7 lists the saturated extend and retract velocities for

test Conditions 1 through 11. The trend for the change in the

measured velocities with test Conditions 2 through 11 as compared

to the test Condition 1 was a velocity decrease. The worst case

change for extend and retract motions was an approximate 25% de-

crease for test Condition 5 (two channels failed hydraulically).

This decrease is expected, since the remaining two channels of the

demonstrator are forced to move the two failed channels with

themselves.

Since hydraulic failures are not actively detected by the demonstra-

tor, the active channels remaining after a hydraulic failure would

be required to back drive the failed actuator channels through

their depressurized jet pipe servovalves. This creates a reduction

of the maximum rate of the actuator mechanization, compared to the no

failure operating condition.
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DYNAMIC CONTROLS, INC.
Test Data

Date

TEST ITEM - Grumman - Bertea Unit Prepared 4/24/79

Configuration A

TEST - Saturation Velocity -Condition 1

Extend Retract

LL

F~~~~~~~ ~-- --- -+~ -- -F- -- ±1 - 4 f ~~
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TABLE 7

Saturation Velocity

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - Bertea Unit

Configuration A

TEST - SATURATION VELOCITY

Test
Condition

Extend - in./sec. Retract - in./sec.

1 2.74 2.67

2 2.48 2.43

3 2.27 2.22

4 2.48 2.43

5 2.01 2.05

6 2.74 2.70

7 2.67 2.81

8 2.67 2.74

9 2.54 2.74

10 2.37 2.37

11 2.37 2.37
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3.5.2.7 Linearity

Figure 11 shows the actuator output linearity measured for Condition

1. The linearity of the mechanization is primarily determined by

the feedback transducers associated with each control channel and

the loop gains (position) of the individual channels. The linearity

measured for all the operating conditions was essentially the same

as that shown on Figure 11 and within 1% full scale.

3.5.2.8 Step Response

Figures 12 through 17 show the extend and retract step response

measurements for Conditions 1 through 11. The input level for

these measurements was 4% of the input for maximum actuator position.

This level, since it was a step input, was twice that required

for a saturation of thc servovalve. Therefore, until the actuator

moved 50% of the total movement in response to the command step,

the servovalve was saturated and the actuator moved at a saturation

rate. The remaining 50% of the movement as shown on Figures 12

through 17 is unsaturated and indicates the transient response of

the mechanization.

The measured response is consistent with the frequency response

measurements. The step response results show no overshoot and

no ringing for any of the test conditions. The step response

resembles that of a second order system with a damping ratio of

approximately 1.
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Gruimman - Bertea Unit Date

TETConfiguration A Prepared 4/30/79
TET- Step Response -Condition 1 & 2

Extend Retract

in

Condition 1.... .....................7
-T----T !4% F.S. Output ww4--

..... out L

Scales:

t ~ E.i = 0.020 v/div

t-7 in = 0.00133 in/div
V r IE hV7 rt =200 div/sec T

liLit

+--±--+--- F---±----f ~- -4- -4-+-I-*t ~ f 121L1' Condition 2 f2IjJ I1 **~... 4% F.S. Output

T~ 77
out 

1-7

FIGURE 12 Step Response -Condition 1 & 2
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration A Prepared 4/30/79

TEST - Step Response -Conditions 3 & 4

Extend Retract I

a w

1E..

Condition 3

JiIIV 4% F.S. Output 111-

7 n

1 ~ ~ ~ out : -.

t i = 0.200 dv/sec .

v~~.20 Codii /sec-

1- 4 F 4 1-.

FIGURE13 Stp nRes onse 4 odto
L46



DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration A Prepared 4/30/79

TEST - Step Response -Conditions 5 & 6

Extend Retract

i-pin

Co di io 51  1 H +1 *~ 1 1

4% F.+--Outp-

'I L~It7.

Scales:

E~ in 0.020 v/div t--

_X 0.00133 in/div

t =200 div/sec .....

r -l ~j Condition 6 >' r

T7
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM -Grumman - Bertea Unit Date
Configuration A Prepared 4/30/79

TEST -Step Response -Condition 7 & 8

Ex te nd Retract

I- E.
in

-7AT77T4 Condition 7rn

j4% F.S. Output----

Xout

71 4 4-

Scales:
E. =0.020 v/div

tin = 0.00133 in/div t

t = 2 00 div/sec

V4 E. 
I

77i inI---
6- 4- + f-I - 4 -4 -4 1 1-- - 4

fww 1Ti Condition 8 -

4% F.S. Output 4j 17T
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DYNAIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration A Prepared 4/30/79

TEST - Step Response -Condition 9 & 10

Extend R~etract

1--i- ;L

-t K4 :T. . 7_ _..._....

E: :T

Condition 9
4 .. Output .

out

Scales:

- tE in 0.020 v/div >

7r_ 0.00133 in/div
t 200 div/sec

E.

-I 4--4 4- 1- F--4 A-- ---4 -4----4 4-

T - Condition 10
~- I- i-i TA I4% F.S. Output4-]i

I a~ + F--

FIGURE 16 Step Response -Conditions 9 & 10
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
TETConfiguration A Prepared4/30/79
TES Step Response -Condition 11

Extend Retract

y- Em

Condition 11 -A-4-

4% F.S. output

xout

Scales:

tE in=0.020 v/div
_Xou 0.00133 in/div

t = 200 div/sec

FIGURE 17 Step Response - Condition 11
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3.5.3 Failure Transients

Test Conditions 12 through 27 were used to establish the failure

transient characteristics of Configuration A. The test results and

t( t conditions are arranged in the following order:

TEST Test Conditions

Electrical Input Loss Transient 12, 13, 14, 15

Electrical Hardover Input Transient
(with actuator initially at rest) 16, 17, 18, 19, 20, 21
Electrical Hardover Input Transient

(with actuator initially cycling) 22, 23

Simultaneous Hardover Input Transient 24, 25

Slowover Electrical Input Transient 26, 27

The test results in the following sub-sections are presented as listed

above.

3.5.3.1 Electrical Input Loss Transient

Figure 18 shows the effect of a sequential channel input loss with the

actuator initially commanded to a 50% extend position. Failure of the

inputs (a change to 0 input voltage by grounding the input of the

particular channel) is displayed on the three data channels of Figure

18. The change of position of the actuator with each injected

failure is displayed on the fourth data channel from the top. Activa-

tion of the failure removal warning lights is shown on the bottom

data channel of Figure 18. The deviation of the actuator position

is 0.32% of the total actuator stroke with the first failure. The

deviation increased to 0.68% of the total actuator stroke on the last

failure. As shown on Figure 18, the time delay of the failure logic

for failure removal was .85 seconds for the test evaluation. This

time delay setting was the value the demonstrator was delivered with

and was not changed for the evaluation tests.
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,DYNAMIC CONTROLS, INC.
Test Data

Date 5/21/79TEST ITEM - Grumman - Bertea Unit Prepared -
Configuration A

TEST - Failure Transients -Condition 12

ECh k4 7L

7.n A: T

E. Ch 2 Vl- Iin ~ rL Ji~~L

7 -"-77~-Pl
E.Ch 3I J i2J L

in L -iE Lw 1t
f--+- 4 -- 4- -J-- I 4 - - +4-- + -+-±-- -- 4-- ±-4-f F-4--4-

out__ It

I~~~ --~~- q -- - -4 -1 1 4- - 4---- 4-- -4-- 4 4 ---- I-i

Fail Indicat .7- F V1

F i FI

Scale: E in 1.000 v/div

xout = 0.0007 in/div
t -20 div/sec

FIGURE 18 Failure Transients - Condition 12
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Figure 19 shows the effect of a sequential channel input loss with

tl ? actuator initially commanded to a 50% retract position. TiLe

results are similar to the input loss with an initial extend

command to the actuator. The deviation of the actuator position

is 0.32% of the total actuator stroke for the first and second

failures. The deviation for the third failure is 0.79% of the

total actuator stroke. The duration of each deviation is approxi-

mately .85 secs (the failure removal time delay), after which the

actuator returns to nearly its position before the injected failure.

The actuator position after failure removal remained closer to the

initial commanded position for Figure 19 (with a retract initial

position) than for Figure 18 (with an extend initial position).

Figure 20 shows the effect of sequential grounding the inputs to the

channels while the actuator is being cycled at 10 Hz. This fre-

quency is one half the -3 Db amplitude frequency for the frequency

response of the demonstrator. The amplitude of the actuator motion

is +1.71% of the maximum actuator stroke. This amplitude at the 10

Hz frequency is just below that which would cause the control

channels to exhibit rate saturation. From Figure 20, it is apparent

ti.at the failure logic does not detect the injected failures and

transfer the failed channels from contributing to the output of the

demonstrator. Therefore, the failed channels (with a grounded

input) tend to oppose being driven by the channels commanded by

the 10 Hz input. This has the effect of reducing the output

amplitude with each failure injected. For a first failure, the

output amplitude is reduced by 36%. For the second failure the

output is reduced to 50% of the no failure output. For the tihird

failure, the output is reduced to 14% of the "no failure" outpi,

amplitude.

This effect is consistent with the expected characteristics of a urce

summed mechanization without failure detection.
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DYNAMIC CONTROLS, INC.
Test Data

Date
TEST ITEM - Gruman - Bertea Unit Prepared 5/21/79

Configuration A

TEST - Failure Transients - Condition 13

BRUSH ACCUCHART Gould Inc., Instrumeprinled in U S A

-~~~7 .... -I -~- -

E. Chl 1 -- p T Vin ....

-

-A~~~~~~ -- ---- -----+ -- ± - - +

in {________

in I :_ *_

xP -- -----

il 
n4du = 000 7 7-.- divN

17 20 di/e

FIGURE~~~~~~~ 19FiueTa3ens-Cniin1
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DYNAMIC CONTROLS, INC.

Test Data

Date
TEST ITEM - Grumman - Bertea Unit Prepared 5/23/79

Configuration A__

TEST - Failure Transients -Condition 14

~j ____________ _______

-E Ch 21{

-- I--4- ~ 4-4 --- 9- +-- -- ± 4-1 -4 -- 1

Ch 2int

E inCh 3 7 7 {
--- --- -- - -I- 41

~PIP

-f-oft ±i A

Scale: E in 0.050 mv/div

x 0.033 in/div

- 10 (iv/sec

FIGU1RE 20 Fai I t~ire~ Ttx-ents -Condon 1t



Figure 21 shows the effect of simultaneous grounding of two

input channels to the demonstrator with the actuator cycling

at 10 Hz at an amplitude of + 1.98 of the maximum actuator stroke.

The effect is similar to that shown on Figure 20. The failures are

not detected and the output amplitude of the actuator is reduced

to 43% of the "no failure" amplitude. Note that the lack of

failure detection at 10 Hz cycling implies that the response charac-

teristics of the failure detection circuits are below that of the

control channels being monitored.

3.5.3.2 Hardover Input Transient

Figure 22 shows the effect of a 10 volt step input applied sequen-

tially to channels 1, 2 and 3. The output deviation of the actuator

is shown on data channel 4 from the top of the figure. Activation

of the failure warning lights is shown on the bottom data channel.

The actuator output deviation for the first two injected failures

is 0.58% of the total actuator stroke of 1.334 inches). The actuator

output deviation for the third injected failure is 0.79% of the

total actuator stroke.

Duration of the actuator deviation for the first failure is 1.25

seconds. This is longer than the .85 second time delay observed

for the loss of input and other hardover input transient tests. The

increased time delay is probably due to a minor anomoly in the

failure detection circuit, since as can be observed for the Fail

Indicate data channel, the F fail voltage cycles once before the

failed channel is transferred out. The second and third failures

do indicate that the normal .85 second time delay before failure

imoval is operating.
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration A Prep . red- -/23/79

TEST - Failure Transients -Condition 15

7--. C Scale: E =0.050 v/div
in fiX 0.0033 in/divLE out

t =20 div/sec

4~~~~~ *41-f- + 4--4--- 4--±-

in

-4-----* -I- -f- - 4 - 4- -+ 4- -+--+ 4 A

I q

E C 3 1
in

II J A -4 1

r . .fir A t1

HI(URE 21 Failure Trausients -Conidition 15
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DYNAMIC CONTROLS, INC.
Test Data

Date
TEST ITEM - Grumman - Bertea Unit Prepared 5/9/79

Configuration A

TEST - Failure Transients - Condition 16

- t -
Ald Inc-, Instrument Sysems Divinted in U.S A.

E. Ch2 1 I
in-:-T;:: 4

-- Ch 2
in

4 r 4 A 4--i I I I I 1 1.

hF-4--I--+-4f4-41---F-- 1 1-A- --

- -4 - I 1- ------4 + -4- -+--4- + 4 4-1 4 4 F-4---4 +

Fail Indicate IIJ 1
F1 T I- J

Scale: E in 1.000 v/div

xot 0.0007 in/div

t 20 div/sec

FIGURE 22 Failure Transients - Condition 16
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The deviation occurring with the hardover inputs is determined by

the amount of actuator motion required to cause the "good" channels

to oppose the "failed" channel. Since the fourth channel is

brought up to 100% force capability upon a first failure, there

are two "good" channels to oppose a "failed" channel for the first

two injected failures. Upon a third failure, the actuator moves

until the remaining "good" channel offsets the "failed" channel.

The deviation is greater than that for the first and second channel

failures since only one "good" channel is available for offsetting

the failed channel. As shown cn Figure 22, the third failure is

apparently detected and the failed channel switched out, allowing

channel four to recenter the actuator. If no failure detection for

a third failure was used, the actuator output would remain at the

0.79% of total stroke deflection.

The hardover input was not applied to channel four as a third

failure input. With only two operating channels to use for

failure voting, determining which channel is "good" and which

channel is "bad" is not feasible. If the failure detection depressur-

ized the "good" channel and not the failed channel, the failed channel

would command the actuator in response to the particular failure.

This means in case of the particular mechanization tested, channel

3 would be depressurized and the channel four (subjected to a

hardover input) would be allowed to drive the actuator output hard-

over. This is not an inherent characteristic of the force sharing

mechanization, since preventing the failure logic from depressurizing

any channel after two failures have occurred would eliminate the

p.osibility of a hardover output.
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DYNAMIC CONTROLS, INC.

Test Data

TEST ITEM - Grumman - Bertea Unit Dreated /07
Configuratioh A Peae /07

TEST - Failure Transients -Condition 17

Chi1

J J

C h 2 j
4 f4

j L L
_______E Ch 31_

-- in--4-+-4-+--4-+4-±-±-A ±-~fA --- 4---+ -

out T: ~f

4-+-1-4 ---- 4-4- -4 _---!-4---- 4--±---+f--- - - 4-4-

Fail IndicateiL4 j
F 31

m 2

Scale: E in 9.00 v/div

xout 00c

i 20 div/s;ec

FIGURE 23 Failure Transients -Condition 17
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3.5.3.3 Simultaneous Hardover Input Failure Transient

Figure 30 shows the effect of the simultaneous application of hard-

ever inputs to channels 1 and 2. This test was conducted to evaluate

the effect of simultaneous input failures which, although statisti-

cally not very probable, can happen with a Fly-By-Wire control

system. The time window in which sequential failures appear as

being simultaneous would be the time lapse from the failure appli-

cation until the failure logic activates the failure indicate

lights (as shown on Figures 16 through 23). This time window is

.25 seconds wide.

Figure 30 shows the actuator responding to the step inputs by

moving to a new position, displaced 1.95% of the maximum stroke

from null. This position is a limited displacement change, which

was unanticipated. With the two channels (3 and 4) opposing

channels 1 and 2 with a hardover input, channel 4 is force limited

to 50% of the force capability of the other three channels. This

would theoretically prevent channels 3 and 4 (without the hardover

input) from force balancing the failed channels after a given

actuator displacement and would allow the actuator to go hardover.

Figure 31 shows the effect of applying a hardover input simultaneously

to channels I and 2 with the actuator cyclinp at 10 Hz at the

maximum unsaturated amplitude available. Upon application of the

hardover input, the actuator output stops responding to the 10

Hz input signal and moves to a steady position displaced from null

by an amount equal to 5.93% of the maximum stroke of the actuator.

No failure detection and depressurization of a channel is indicated

.y the test results.
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Figure 23 shows the sequential application of a negative hardover

input (-10 volts) to channels 1, 2 and 3. The failure transients

are similar to that recorded for the positive hardover inputs

shown on Figure 22. For the first hardover input into channel

1, an actuator deviation of 0.37%of the maximum actuator stroke

occurs. The total duration of the failure deviation is .85 seconds.

The small peak on the end of the deviation due to the hardover input

into channel 1 is caused by the changing of the fourth channel

force limit from a 50% to a 100% condition.

The deviation for the second failure is 0.58% of the maximum actuator

position. The deviation for the third failure is 0.79% of the

maximum actuator position. The 0.79% is the same deviation measured

for the positive hardover input into channel three (as shown on Figure

22). Note that the third failure applied to channel 3 causes channel

three to be depressurized, allowing channel four to recenter the actuator.

Some channel mismatch between channels is indicated by the actuator

output after the second and third failures. The actuator position

after the failed channels are depressurized is different from the

no failure position. For example, the null shift shown on Figure

23 after the second channel failure is approximately 0.14% of the maxi-

mum actuator stroke.

Figures 24 and 25 show the effect of hardover inputs with the actuator

biased initially to 50% extend and retract positions. Figure 24 shows

the effect of hardover input failures with the actuator biased to

a 50% extend postion. The actuator deviations from the commanded

,x33ition are quite similar to the unliased failure deviations. The

first failure produces a deviation tf ,.42% of the maximum actuator

stroke, the second failure produced a deviation of 0.40% of maximum

actuator stroke devintion. The third failure produced a deviation

of 0.79% of the maximum actuator stroke.
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DYNAMIIC CONTROLS, INC.

Test Data

Date
TEST ITEM - Grumman - Bertea Unit Prepared 5/10/79

Configuration A

TEST - Failure Transients - Condition 18

Goud Ic.,Instrument Sysbve and. Ohio Printed in U S A

TIE Cn I 27 T 17in Kl j_

E. Ch 2 ------+--+ --- .. ...
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-4 -4 -- --+ -i
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,DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration A Prepared 5/10/79

TEST - Failure Transients - Condition 19

:Instrument Sysems Division Cleveland. Ohio F

1 in

-- Lj U

in

in

T out ! l i-__
-7 --- -- - --

I -V -ai1 Indicate 7

II F

Scale: Em in 1.000 v/div

X ou 0.0013 in/div

t w20 div/sec

FIGURE 25 Failure Transients - Condition 19
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Figure 25 shows the effect of a negative hardover input with the

actuator biased initially to a 50% retract position. The transients

are essentially the same as measured with the actuator unbiased as

an initial condition. The deviations measured for the three failures

are 0.32, 0.52 and 0.73% of the maximum actuator position, correspond-

ing to the first, second and third hardover failures. Null shifts

after the second and third failures are 0.16 and 0.32% of the maxi-

mum actuator stroke, respectively.

Figure 26 shows the effect of positive hardover inputs applied

sequentially to channels 1, 2 and 3 with the actuator biased

initially to a 50% retract position. The actuator output transients,

with a time duration of .85 seconds, are 0.32% of the maximum stroke

for the first input failure to channel 1, 0.37% of the maximum

stroke for the second failure to channel 2 and 0.79% of the maximum

actuator stroke for the third failure applied to channel 3. This is

similar to the actuator output deviations for positive hardover

inputs without an initial bias applied to the actuator.

Figure 27 shows the effect of a negative hardover input applied

sequentially to channels 1, 2 and 3 with the actuator biased to

a 50% retract position. The actuator output deviation for the

channel 1 input application is 0.47% of the maximum actuator

stroke. The change in the channel 4 force limit is observable as

the small transient peak just before the channel 1 is depressurized

and the actuator returned towards it's initial position. The

deviation of the actuator upon the second and third failures is

0.63 and 0.58% of the maximum actuator position, respectively. The

deviations resemble in magnitude and duration the transients en-

countered for the other hardover test conditions of initial bias

and input polarity (Reference Figures 22, 23, 24, 25 and 26).
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Figure 28 and 29 show the effect of hardover input failures applied

sequentially to channels 1, 2 and 3 with the actuator operating

at the bandpass frequency (10 Hz) at a maximum unsaturated input

amplitude. Figure 28 shows the effect of positive hardover inputs.

The effect of the failures is primarily one of a null shift until the

third failure is applied. For the first positive hardover input

into channel one, the operating position deviates 0.50% of the

maximum stroke of the actuator. The amplitude of the 10 Hz actuator

motion does not change. Upon depressurization of channel 1, the

actuator null returns to the original null position. For a second

positive hardover input, the actuator null shifts 0.74% of the

maximum actuator stroke. For the third hardover input into channel

three, the actuator ceases to respond to the 10 Hz input and takes

a position displaced from null by 2.74% of the maximum stroke of the

actuator.

Figure 29 shows the effect c' a negative hardover inputs under the

same operating conditions as Figure 28. The effect of the hardover

inputs is again primarily a null shift until the control channel

with the applied hardover input is depressurized. For the first

hardover input applied to channel 1, the actuator output deviates

0.49% of the maximum stroke of the actuator. For the second hardover

input into channel 2, the actuator deviates 1.24% of the maximum

stroke. For the third hardover input into channel 3, the actuator

shifts to a position displaced from null by 2.72% of the maximum

stroke. These results are similar to the hardover input effects

shown on Figure 29 with the difference that the polarity of the

deviations is opposite.

The principal difference between the hardovcr effects with the

actuator cycling at 10 Hz as opposed to being at a static position

is the effect of the third failure. For the static input conditions,

the actuator final position is closer to the "no failure" null

position than when the actuator is cycling at 10 l|z.
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3.5.3.4 Slowover Input Transient

Figures 32 through 37 show the failure transients associated with

a slowover input failure applied sequentially to channel 1, 2 and

3 for both extend and retract slowover inputs.

Figure 32 shows the effect of an extend slowover ramp of an ampli-

tude varying from 0 to 1.0 volts at a rate of 0.4 volts/sec applied

to channel 1. The actuator initially responds to the input until

the failure logic depressurizes channel 1 and changes the force

limit of channel 4. The maximum actuator deviation from null is

0.58Z of the maximum actuator stroke.

Figure 33 shows the effect of an extend slowover ramp of an

amplitude varying from 0 to 1.0 volts at a rate of 0.4 volts/sec

applied to channel 2 (after channel 1 has been depressurized and

channel 4's force limit increased to 100%). The output deviation

of the actuator is 0.78% of the maximum actuator stroke.

Figure 34 shows the effect of an extend slowover ramp of an

amplitude varying from 0 to 1.0 volts at a rate of 0.4 volts/sec

applied to channel 3 (after channel 1 and 2 have been depressurized

and channel four's force limit increased to 100%). The output

of the actuator deviates from null by 0.78% of the maximum actuator

stroke and then returns towards null, stopping at a displacement

0.39% of the maximum actuator stroke from the original null position.
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The correct detection of the channel with the third failure is

theoretically not possible with a voting system, since the logic

doesn't have enough information for a correct vote. If the ramp

had been applied to channel 4 as a third failure and channel 3

depressurized, the actuator output would have been driven hardover

by the ramp input.

Figure 35 shows the effect of the application of a retract ramp

input to channel I with the other channel inputs grounded. The

actuator output deviates from null by 0.49% of the maximum actuator

stroke and then returns to null upon depressurization of channel 1

and the changing of the force limit on channel 4.

Figure 36 shows the effect of the application of a retract ramp in-

put to channel 2 with channel I depressurized and channel 4 changed

to a 100% force capability. The actuator output deviates from null

by 0.49% of the maximum actuator stroke and then returns to null

upon depressurization of channel 2.

Figure 37 shows the effect of the application of the .4 volt/sec

retract ramp input to channel 3 with channel 1 and 2 depressurized

and channel 4 with a 100% force capability. The output of the

actuator deviates 0.88% of the maximum actuator stroke and then

returns to null after channel 3 is depressurized.

Figure 38 shows the effect of sequentially applying ramp inputs to

channel 1, 2 and 3 while operating the system at 10 Hz at a maximum

unsaturated amplitude. The effect of the first two ramp inputs is

to cause a null shift of the actuator output with no observable

change in the amplitude of the 10 Hz motion. The null shift for

the channel 1 input ramp application is 0.49% of the actuator maxi-

=um stroke. The null shift for the channel 2 input ramp application

is 0.74% of the actuator stroke. The third ramp input creates a null

shift of 1.50% of the maximum actuator stroke. After the third fail-

ure the actuator continues to respond to the 10 Hz input into channel

4.
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3.5.4 Failure Logic Detection Characteristics

3.5.4.1 General

This section presents limited test data on the failure detection

circuit characteristics as used during the configuration A

testing. Since the amplitude and duration of the transients

resulting from a control channel failure in the configuration

evaluated are affected by the characteristics of the failure de-

tection system, it is worthwhile documenting these characteristics.

T'he test results present both the static detection level of each

channel and the highest frequency at which an input amplitude 110%

of the static detection level for a channel will be detected and

cause the channel to be depressurized. The detection level

characteristics are adjustable in terms of detection amplitude

and response characteristics. The failure detection levels used

are detected when channel mismatches correspond to servovalve

currents 50' or greater of saturation. The time delay settings

were not changed from the settings initially provided with the unit.

3.5.4.2 Specific

Figure 39 shows data taken in order to establish the failure

detection level for channel 1 static or "slowover" failures. A

ramp input is applied to the channel 1 input while channel 2, 3 and

4 inputs are grounded. The input voltage for activating the

failure indicate output is defined as the failu.e detection level.

Table 8 lists the extend and retract direction failure detection

input voltages for each channel of Configuration A. The input

voltage for failure detection is that voltage applied to the

input of a particular channel in order to cause the failure logic

to vote a channel failure. Note that the magnitude of the input

failure voltage for channels 1, 2 and 3 is nominally .4 + .05 volts

while the failure input for channel 4 is .2 + .06 volts.
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TABLE 8

Failure Detection Level - Static

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 6/29/79

TEST ITEM - Grumman - Bertea Unit
Configuration A

TEST - Failure Detection Level - Static

Fail Voltage
TestCdtin Channel
Condition Extend Retract

1 1 -0.450 +0.340

1 2 -0.440 +0.370

1 3 -0.350 +0.380

1 4 -0.140 +0.260
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Figure 40 shows the data obtained in measuring the channel 1

dynamic detection level characteristics. The input to channel 1

is maintained at an amplitude of 110% of the input required to

cause the failure detection level with a slowover input and the

frequency of the input signal varied. As shown on Figure 40, the

frequency of the input signal is reduced until the fail indicate

signal shows that the channel is voted as failed and depressurized.

Note that for frequencies between .4 and .3 Hz, the fail indicate

signal does not latch, and the actuator continues to respond to the

channel 1 input.

Table 9 shows the results of the failure logic evaluation for all

four channels, measured individually with all channels operational.

The general channel detection level is an input of approximately .90%

of a full scale input voltage. Note the different detection

frequency for channel 4. This is due to 50% force limit for that

channel in the mode in which the actuator was evaluated. The

detection frequency of channel 4 would decrease to that of the

other channels with the increase in the force limit for that

channel.

As indicated in Table 9, the failure detection circuit becomes

ineffective above .8 Hz for channel 4 and above approximately

.3 Hz for channels 1, 2 and 3. The difference between the channel

4 detection and the other channels is probably due to the reduced

force limit used with channel 4 during the particular test condition.

The test results indicate that the failure logic dynamic characteristics

degrade frequencies at greater than one-twentieth of the control

system bandpass of 20 Hz. This indicates that oscillatory failures

would not be detected over a large portion of the control actuator

system frequency response.
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TABLE 9

Failure Detection Level - Dynamic

DYNAMIC CONTROLS, INC.

Test Data

Date Prepared 6/29/79

TEST ITEM - Grumman - Bertea Unit
Configuration A

TEST - Failure Detection Level - Dynamic

Test Condition Channel Fail Hz

1 1 0.3

1 2 0.4

1 3 0.3

i 4 0.8
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3.6 Specific Test Procedure - Configuration B

3.6.1 General

Configuration B of the force sharing system was identical to

Configuration A with the exception that the equalizer feedback

network was connected (Reference Figure 5). The equalizer network

was used for failure detection only for the Configuration A tests.

For the Configuration B testing, the connection of the pressure

feedback signal was supposed to reduce the failure sensitivity of

the system to input signal mismatch. The equalizer pressure feed-

back loop was used to reduce the pressure gain of the control valve

for differential pressures across the actuator of 1000 psi or greater.

Figure 41 shows the theoretical characteristic of the force output

of a stalled actuator as a function of the input signal.

As received from Grumman Corporation, the equalizer feedback gain

was set to allow approximately a 4.3% input change of full scale

input for a stalled actuator before a failure was voted. Because

of the commonalty of gain elements for both the pressure feedback and

position loops of the channel control electronics, the input mis-

match tolerance was reduced to 2.2% of full scale input (for a

failure vote) when the position loop response was changed to a

break frequency of 20 Hz. This reduction of allowable channel

mismatch from the original value was not considered significant

enough to invalidate the evaluation of the equalizer technique

in terms of its intended function. Note that the 2.2% of full

scale corresponds to an input voltage of .44 volts for the test

system (since the input voltage is +10 volts for a total of 20

volts full scale).
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3.6.2 Specific

The test procedure used for evaluating the Configuration B

performance is similar to that used for Configuration A. Table

9 lists the 32 test conditions and the values used for evaluating

Configuration B. There are 5 more test conditions applied to the

Configuration B evaluation than for the Configuration A evaluation.

These additional test conditions include hydraulic failures for

transient measurements and several simultaneous failure conditions.

However, the 27 test conditions used for Configuration A were also

used for Configuration B in order to provide a direct comparison

of the performance of the two configurations.

Test conditions 1 through 11 are the various operational modes of

the system. The performance measurements described in Section

2.2.1 were used to document the performance characteristics

for these test condition. All other test conditions correspond

to the "Failure Effect on Performance" measurenments described in

Section 2.2.2 and the "Input Deviations Effect" measurements

described in Section 2.2.3.

lest conditions 12 through 32 correspond to "Failure Removal

Transients" measurements described in Section 2.2.4. The test

conditions 12 through 32 describe both the initial conditions

and the test used for creating the transient.

3.7 Test Results

3.7.1 General

The data presentation format for the test results of Configuration

B evaluation is the same as for the Configuration A evaluation. For

all measurements except the transient measurements, the test data

is presented in tabular form . For the transient data, the results

are presented as recorded.
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TABLE 10

TEST CONDITIONS

Grumman - Bertea Unit - Configuration B

Test Condition Test Condition Description

1 Baseline - all channels nulled, pressurized
(3000 psi) and operating correctly.

2 One channel (1) electrical failure.

3 Two channels (1 & 2) electrical failure.

4 One channel (1) hydraulic failure.

5 Two channels (1 & 2) hydraulic failure.

6 One channel (1) with negative input offset
(biased to 90% of trip level).

7 One channel (1) with positive input offset
(biased to 90% of trip level).

8 Two channels (I & 2) with negative input
offsets (both channels biased negatively
to 90% trip level).

9 Two channels (1 & 2) with opposing input
offsets (channel 1 biased positively and
channel 2 biased negatively to 90Z trip
level).

10 One channel (1) with hydraulic pressure
reduced to 2000 psi.

11 Two channels (1 & 2) with hydraulic pressure
reduced to 2000 psi.

FAILURE TRANSIENTS

12 Ground inputs to channels 1, 2 & 3 sequentially
with system at 50% extend.

13 Ground inputs to channels 1, 2 & 3 sequentially
with system at 50% retract.

14 Ground inputs to channels 1, 2 & 3 sequentially
with the system operating at the bandpass
frequency (10 Hz) with the maximum unsaturated
input.
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TABLE 10

TEST CONDITIONS (cont'd)

Test Condition Test Condition Description

15 Ground inputs to channels 1, 2 & 3 sequentially
with the system operating at 0.5 Hz with the

maximum unsaturated input.

16 Positive hardover (+1OV) sequentially applied
to channels 1, 2 & 3 with the system at null.

17 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with the system at null.

18 Positive hardover (+IOV) sequentially applied
to channels 1, 2 & 3 with the system biased
to 50% extend.

19 Negative hardover (-1OV) sequentially applied
to channels 1, 2 & 3 with the system biased
to 50% extend.

20 Positive hardover (+10V) sequentially applied
to channels 1, 2 & 3 with system biased to
50% retract.

21 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with system biased to
50% retract.

22 Positive hardover (+10V) sequentially applied
to channels 1, 2 & 3 with system operating
at the bandpass frequency (10 Hz) with
the maximum unsaturated input amplitude.

23 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with system operating
at the bandpass frequency (10 Hz) with
the maximum unsaturated input amplitude.

24 Negative hardover (-10V) applied simultaneously
to channels 1 & 2 with the system biased to
50% extend.

25 Ground the inputs to channels 1 & 2 sim-
tiltaneously with the system operating at
0.5 Hz with the maximum unsaturated input

amplitude.
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TABLE 10

TEST CONDITIONS (cont'd)

Test Condition Test Condition Description

26 Positive hardover (+1OV) or negative hard-

over (-OV) applied simultaneously to channels
1 & 2 with the system at null.

27 Positive hardover (+1OV) or negative hard-
over (-10V) applied simultaneously to channels
1 & 2 with the system operating at the
bandpass frequency (10 Hz) with the maximum
unsaturated input amplitude.

28 Apply a ramp of zero to 1.0 volt at 0.4 volts/sec
(+lV at 0.1 Hz) to channels 1, 2 and 3 sequen-

tially with system at null.

29 Apply a ramp of 0 to 1.0 volt at 0.4 volts/sec
(+l.OV at 0.1 Hz) sequentially to channels

1, 2 and 3 with system operating at the
bandpas5 frequeny (10 Hz) with the maximum
unsaturated input amplitude.

30 Channel 1 only failed hydraulically.

31 Channels 3 & 4 failed hydraulically, channels
1 & 2 failed hydraulically.

32 All channels failed hydraulically.
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The data presentation format for the test results of Configuration

B evaluation is the same as for the Configuration A evaluation. For

all measurements except the transient measurements, the test data is

presented in tabular form. For the transient data, the results

are presented as recorded. The following results are presented in

tabulated form for conditions 1 through 11:

1. Static Threshold

2. Dynamic rhreshold

3. Frequency Response

4. Distortion

5. Hysteresis

6. Saturation Velocity

For these test results reduced to tabular form, a sample of the

recorded data is included with the table. The linearity and

step responses for donditions 1 through 11 are presented in recorded

data format.

As was done for Configuration A, the measurements of threshold and

hysteresis for Configuration B are represented in terms of the

percent of the input required for full actuator stroke and the

input required for full servovalve output flow. This method of

presenting hysteresis and threshold describes the results in terms

which allow comparing different control valve driving mechanizations

'..Jependent of the actuator stroke u 'i for the mechanization.

test results are presente. for C;onfiguration B as follows:

1. Per foriince measurements for
Conditions 1 through 11

2. Failure transients for Conditions
1 throiigh 11

3. Failure logic detection characteiistics
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3.7.2 Performance Measurements

3.7.2.1 Static Threshold

Figure, /2 shows the data recorded in establishing the static

threshold for Configuration B a:,d test Condition i. As shown

on this figure, the amplitude of the ramp input is increasing

with increasing rime. The threshold value is determined by the

amplitude of the input where the actuator output starts to respond

to the ranp input. The noise content of the output is due to the

background noise picked up by the instrumentation lines to the re-

corder and is the result of the input levels measured during the

particular test. The edge of the noise band shows the actuator

responing to the .1 Hz input ramp. Table 11 lists the static

threshold values measured for test conditions 1 through 11.

The threshold measured for the test conditions for Configuration

B is approximately the same or slightly greater than those

measured for Configuration A. Test Conditions 6,7,8 and 9 were

expected to show effects of the pressure equalization feedback

Ksince the input bias levels would result in differential oressure

le-vels across th& control system actuators qreater than l000 Psi,

actating the pressure feedback and reducing the press re gain

of the cervovalves.) The threshold for Conditions 6, 7 an(& 8

are larger than that measured for Configuration A. However, the

thru-iiold for Test Conditions 1, 2, 3 and 5 also show larger values

than for Configuration A. These test conditions were not expected

to create threshold values greater than that measured for

Configuration A. As commented on for Configuration A, this value

ib considerablv greater than a normal servovalve and reflects

the low pres'-;ure gain for the servovalves used along with the

force f ight uetw,_-en channels.
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DYNAMIC CONTROLS, INC.
Test i"ata

Date
TEST ITEM - Grumman - Bertea Unit Prepared 4/24/79

Configuration B

TEST - Static Threshold - Condition 1

t :

.......... . . . . ..

7 ~ ~ 7- 7::7

0.1 Hz Ramp Input

Scale: Input = 0.0002 v/div

X out = 0.00003 in/div

t = 2 div/sec

FIGURE 42 Static Threshold - Condition 1
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TABLE ii

STATIC THRESHOLD

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - Bertea Unit

Configuration B

TEST - STATIC THRESHOLD

Test

Condition Static Threshold

Input Volts / % of Max Input % of E Maxv

1 0.040 0.20 26.00

2 0.036 0.18 23.40

3 0.042 0.21 27.30

4 0.030 0.15 19.50

5 0.044 0.22 28.60

6 0.044 0.22 28.60

7 0.042 0.21 27.30

8 0.036 0.18 23.40

9 0.036 0.18 23.40

10 0.030 0.15 19.50

11 0.026 0.13 16.90
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3.7.2.2 Dynamic Threshold

Figure 43 shows the data recorded in establishing the dynamic

threshold for Condition 1. A 10 Hz sine wave input was used to

drive the actuator. This frequency was .5 of the bandpass frequency

at which a - 3 Db amplitude ratio occurs and was slightly lower

than the 14 Hz frequency used for the Configuration A dynamic thresh-

old evaluation. As with the static threshold measurement, the

input amplitude was increased gradually with increasing time. The

bottom trace of Figure 43 shows the actuator response to the input

signal. NotL the 100 Hz low amplitude noise signal appearing

on the actiiator output signal. This is instrumentation line

noise pickup and not actuator motion.

Table 12 lists the dynamic threshold measurements for Configuration

B and test Conditions 1 through 11. The dynamic threshold is

approximately the same as the static threshold and is lower than

that measured for Configuration A. The threshold measurements

show little change with the change of test conditions. This is some-

what unexpected, since the input bias conditions of test Conditions

6, 7 and 8 (for example) would he expected to cause the control

channels to operate in a condition where the pressure equalization

was effective and correspondingly the pressure gain of the

servovalve lower than without the pressure equalization. Lower

pressure gain should result in higher threshold value measurements.

However, the dynamic threshold measurements for all conditions for

the Configuration B testing (other than Condition 1) were lower

than those of Configuration A by up to a factor of 3. The

Condition I measurements for both configurations were essentially

the same.
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Confiuraton BPrepared 4/24/79

TEST - Dynamic Threshold -Condition 1

W K -- 41. TI

Ind

177

+ 1T i 7

10.0 lHz Sine Wave Input

acale: Input = 0.002 v/div

x out = 0.00003 in/div

t = 200 div/sec

FIGURE 43 Dynamic Threshold - Condition 1

99



TABLE 12

Dynamic Threshold

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - Bertea Unit
Configuration B

TEST - DYNAMIC THRESHOLD

Test Dynamic Threshold
Condition

Input Volts % of Max Input % of Ev M

1 0.038 0.19 24.70

2 0.036 0.18 23.40

3 0.044 0.22 28.61

4 0.040 0.20 26.00

5 0.042 0.21 27.30

6 0.040 0.20 26.00

7 0.046 0.23 29.90

8 0.040 0.20 26.0

9 0.042 0.21 27.3

10 0.036 0.18 23.4

11 0.034 0.17 22.1
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3.7.2.3 Frequency Response

Figure 44 shows the frequency response recorded for the Condition

1 response measurements. The response for all test conditions

resembled the response shown on Figure 44 in terms of the lack of

peaking and the roll-off slope. Zero Db on Figure 44 corresponds

to an input amplitude of 4% of the input for maximum actuator out-

put stroke and was the maximum input which would not create observable

output waveform distortion over the frequency range used for the

measurement.

Table 13 lists the frequency response for Conditions 1 through

11 in terms of the frequencies at which the -900 phase angle and

the - 3 Db amplitude ratio point occurred for each test condition.

As shown on Table 13, the - 3 Db frequencies did not vary significantly

from the - 3 Db frequency for Condition 1. The frequency for - 3 Db

was 21 Hz for normal operation (Condition 1) and was reduced (at most)

to 18 Hz for one hydraulic supply pressure set at 2000 PSI with the

other at 3000 PSI (Condition 11). The frequency at which the phase

angle of -90° occurred also did not vary significantly for the

test conditions 1 through 11, remaining between 35 Hz (Condition 1)

and 31 Hz (Conditions 3, 5, 7 and 8).

The frequency response agreed well with that for Configuration A.

This indicates that even with offset conditions occurring with

some of the test conditions, the net frequency response of the

mechanization is not degraded by the use of the pressure equalization

network.
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TABLE 13

Frequency Response

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - Bertea Unit

Configuration B

TEST - FREQUENCY RESPONSE

Test
Condition Output 4% Full Scale

-3 db Hz -90° Hz

1 21.0 35.0

2 20.0 34.0

3 19.0 31.0

4 20.0 33.0

5 20.0 31.0

6 21.0 33.0

7 18.0 31.0

8 18.0 31.0

9 19.0 32.0

10 19.0 33.0

18.0 32.0
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3.7.2.4 Distortion

Table 14 lists the harmonic distortion measurements for test

Conditions 1 through 11. For each test condition, 3 distortion

measurements are listed, corresponding to 5 Hz, 10 Hz and 20 Hz.

The input level used when making the measurements was 4% of the

full scale input level and the same as that used to obtain the

frequency response measurements. The table lists the distortion

in terms of the % change from the baseline value of operating

Condition 1. The baseline distortion values are less than 5% for all

three frequencies. A harmonic distortion of 5% or less is difficult

to visually detect on a sinusoidal signal.

The distortion percentage change from the baseline condition was

a maximum of 1% for all test conditions and frequencies. This

occurred with two channels electrically failed (Condition 3) and for

frequencies of 10 and 20 Hz. For several test conditions the

distortion reduced slightly from the baseline condition values.

No degradation of the signal characteristics with the different

operating conditions is indicated by the test results of Table 14.

The percent distortion levels (including the baseline values)

indicate good signal fidelity for the actuator response. The

baseline distortion for the 20 Hz measurements is slightly higher

(4.4% vs 3.6%) for Configuration B compared to Configuration A.

However, this change does not indicate significant performance

changes due to the operation of the pressurization equalization

feedback.
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TABLE 14

Distortion

DYNAMIC CONTROLS, INC.

Test Data

Date Prepared 4/19/79

TEST ITEM - grumman - Bertea Unit

Configuration B

TEST - DISTORTION

Test Change of % distortion from baseline value

Condition

% @ 5 Hz % @ 10 Hz % @ 20 Hz

1 Baseline Value* Baseline Value** Baseline Value***

2 0 0.10 0.30

3 0.20 1.00 1.00

4 -0.30 -0.30 -0.50

5 0.10 0.80 0.80

6 -0.20 0.10 0.80

7 -0.50 -0.20 0

8 -0.10 0.20 -0.50

9 0.10 0.30 0.60

10 -0.70 -0.50 -0.60

11 -0.10 0.30 -0.70

*3.10% **3.40% *-d'4.40%
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3.7.2.5 Hysteresis

Figure 45 shows the data recorded for measuring the hysteresis

of Configuration B for Condition 1. The input level used was

+1% of the input for full actuator position. As shown on Figure

45, the hysteresis loop is that of a device with static friction

in the control path.

Table 15 lists the hysteresis measured for the test Conditions

1 through 11 in terms of the actuator full scale input and in

terms of the input required to generate full flow from the servo-

valve. The hysteresis measured is less than .36% for any test

condition when expressed in terms of the actuator full scale stroke.

In terms of the input required for generation of maximum flow

from the servovalve, the percentage hysteresis is much higher and

reaches a value of 46.8% for test Conditions 6 and 8.

For the condition of input offsets, (Conditions 6, 7, 8 and 9) the

hysteresis is approximately twice as great as the normal operation-

al configuration (Condition 1). This indicates that the effect

of the offsets which cause the pressure equalization feedback to be

effective (reducing the pressure gain of the servovalves) does

increase the hysteresis of the system.

Compared to Configuration A, the hysteresis measured for Configuration

B is somewhat greatei" for all test conditions. For Condition 1, the

hysteresis for Configuration B is 60% greater than that measured

for Configuration A.
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TABLE 15

Hysteresis

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - Bertea Unit

Configuration B

TEST - HYSTERESIS

Test
Condition

% Full Scale % of E Max
V

1 0.16 20.80

2 0.18 23.40

3 0.24 3120

4 0.18 23.40

5 0.26 33.80

6 0.36 46.80

7 0.28 36.40

8 0.36 46.80

9 0.32 41.60

10 0.16 20.80

11 0.16 20.80

308
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3.7.2.6 Saturation Velocity

Figure 46 shows the data recorded for test Condition 1 in order

to determine the saturated velocity of the Configuration B actuator

output. Both the extend and the retract time traces for a step

input of 9.2 volts (applied to the input of the demonstration unit)

are shown. This input voltage was large enough to insure that the

maximum flow to the actuator was obtained from the servovalve.

Table 16 lists the saturated extend and retract velocities for

test Conditions 1 through 11. As with the Configuration A

test results for saturation velocity, the test Condition 1

produced the highest saturation velocity. Conditions 2, 3, 4

and 5 with one or more channels either failed electrically

or hydraulically, the saturation velocity is reduced from

that of Condition 1. This is to be expected since the channels

without failures are required to drag the failed channels

along. This creates a load on the unfailed channel actuators

and reduces the flow from the servovalves for those channels.

For Condition 5, with two channels failed hydraulically, the

saturation rate reduction from Condition 1 is 29%. Note that

the saturation velocities for test Conditions 6, 7 and 8 with off-

set inputs to the control channels exhibit essentially the same

saturation velocities as Condition 1 (normal operation).

Compared to Configuration A, the Configuration B saturation rates

nre essentially the same for all test conditions. This indicates

that the pressure equalization feedback has negligible effect on

the maximum unloaded actuator rate.
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DYNA~lC CONTROLS, INC.

Test Data

Date
TEST ITEM - Grumman - Bertea Unit Prepared. 4/25/79

Configuration B

TEST - Saturation Velocity -Condition 1

Extend Retract

h.-'-

1 E .

F 4 + -~ 4- -4-4 4 1 ~ t

I-A

out

Maximum Amplitude Step Input

Scale: Input =0.200 v/div

X 0 t =0.013 in/div

t = 200 div/sec

I- 'U-l 46, Sattra or Vclarcitv - C,rnijtion 1
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TABLE 16

Saturation Velocity

DYNAMIC CONTROLS, INC.

Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - Bertea Unit

Configuration B

TEST - SATURATION VELOCITY

Test
Condition

Extend - in./sec. Retract - in./sec.

1 2.74 2.67

2 2.43 2.48

3 2.18 2.22

4 2.43 2.48

5 1.94 2.09

6 2.74 2.60

7 2.74 2.60

8 2.74 2.67

9 2.54 2.54

10 2.48 2.54

11 2.37 2.43
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3.7.2.7 Linearity

Figure 47 shows the actuator output linearity measured for

Configuration B and Condition 1. Since the linearity of the

mechanization is primarily determined by the feedback transducers

used with each control channel and the position loop gains

of the individual channels, no change from the Configuration A

results was expected. Figure 47 confirms the expected results.

The linearity measured for all the operating conditions was

essentially the same as that shown on Figure 47 and was within

1% full scale.

3.7.2.8 Step Response

Figures 48 through 53 show the extend and retract step response

measurements for Conditions 1 through 11. The input level for these

measurements was 4% of the input for maximum actuator position.

This level, since it was a step input, was twice that required

for a saturation of the servovalve. Therefore, until the

actuator moved 50% of the total movement in response to the command

step, the servovalve was saturated and the actuator moved at a

saturation rate. The remaining 50% of the movement as shown

on Figures 48 through 53 is unsaturated and indicates the transient

response of the mechanization.

The results indicated by the Figures 48 through 53 are quite similar

to those measured with Configuration A and indicate that the pressure

equalization feedback as mechanized has no apparent effect on the

-nloaded step response of the mechanization.
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumiman - Bertea Unit Date
Configuration B Prepared 4/30/79

TEST - Step Response -Conditions 1 & 2

Extend Retract

T H

E
in

Li -i L

4%out OtutI T

7--,-.- 
-

Scales:

in 0.020 v/div

X =0.00133 in/div

I t ~ 2 00 div/sec

ivt IE.

-4 4 ~ 4Condition 2FT..'. 4% F.S. Output42 j V

{~ ii * -; -* out -i

FIGURE 48 Step Response -Conditions 1 & 2
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration B Prepared 4/30/79

TEST - Step Response -Conditions 3 & 4

Extend 71Retract

Z - 7 : .. .. . . . E

- 1 7

Codiio 3 .2 /i

Kji4>i:~P -Aout 0.0013 indiL

X =: 200 di/ezI 7.f77F

ITTI

i--ti.'.-U
I Li - I I

4 + ~ Scales:-

t ~ ~ ~ E. in = .2 /i

_X = .0331/

.7 7

FIUR 9 t Cnipone 4. -J7jjnq 3

----1 4% F.S11 upu



DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM -Grumman - Bertea Unit Date
Configuration B Prepared 4/30/79

TEST -Step Response -Conditions 5 & 6

Extend Retract

7 9 ~ in 4

4- Condition 5

. :4: :2; 4% F.S. Output

out

Scales:
E. = 0.020 v/div

7.- - _X = 0.00133 in/div

t 200 div/sec
m! I 7
.7E.

aw ~in ....

I+ + -- 4 -4 4- 4- 4--1 V Condition 6 I T
4% F.S. Output

I LI.ii L
FIGURE 50 Step Response -Conditions 5 & 6
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DYNAMIC CONTROLS, INC.

Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration B Prepared 4/30/79

TEST - Step Response -Conditions 7 & 8

Extend Retract

1 4 -- ~ 1 Co di i n i il-

4% F..S. Output :-TTT:7

a _

Scales

t ~ E in= 0.020 v/divt

- X = 0.00133 in/div -

r ~~0 div/sec 71]

7t t

+-4 f -44
Conditiono : 1

-1- 4%F.S .Output

J1+ Xout <

FIGURE 51 Step Response -Conditions 7 & 8
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DYNAIiC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration B Prepared__4/30/79

TEST - Step Response -Conditions 9 & 10

4- '~~Extend 
Retract

E.
::4 in

Condition 9 T . 7

outu

7 7

+-I o u t --- ---

ou I .

I~ ni

FIGUREio 12 Ste Repos -j Coniton 9 -10

V-7-



DYNAMIC CONTROLS, INC.

Test Data
TEST ITEM - Grumman - Bertea Unit Date

Configuration B Pre p;red 4/ 30/79
TEST - Step Response -Condition 11

Extend Retract

-xF

ffin

Condi0.001i/i

out

t = 200 div/sec

FIGURE 53 Step Response - Condition 11
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3.7.3 Failure Transients

Test Conditions 12 through 32 were used to establish the failure

transient characteristics of Configuration B. The test results

and test conditions are arranged in the following order:

TEST Test Conditions

Electrical Input Loss Transient 12, 13, 14, 15

Electrical Hardover Input Transient 16, 17, 18, 19, 20, 21
(with actuator initially at rest)

Electrical Hardover Input Transient 22, 23
(with actuator initially cycling)

Simultaneous Hardover Input Transient 24, 25, 26, 27

Slowover Electrical Input Transient 28, 29

Hydraulic Failure Transient 30, 31, 32

The test results in the following sub-sections are presented as

listed above.

3.7.3.1 Electrical Input Loss Transient

Figure 54 shows the effect of grounding of the input to channel

1 with the actuator initially commanded to a 50% extend position.

Failure of the input (a change to 0 volts input by grounding

the input of the channel) is displayed on the channel 1 data

channel of Figure 54. The change of position of the actuator is

shown on the fourth data channel from the top. The activation

of the failure removal warning light is shown on the bottom data

channel of Figure 54. The deviation of the actuator position is

.63% of the total actuator stroke with the first failure. After the

failed channel is depressurized, the null offset from the original

null position is .21% of the total actuator stroke. Figures

55 and 56 show the effect of a second and third channel input

grounding. The actuator deviation for the second failure is .81%
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,DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepare'-53'31/79

TEST - Failure Transients -Condition 12 (1st Failure)

BRUSH ACC

E. c ~.Scale: E. =0.500 v/div
in

ia .x = 0.0007 in/div%
77 out

.. ........ .... ivse

E.Ch2Fr....
in

E. Ch 3. ii 1
in 1.LF

Ea

-4 4--4- -4- - -

-11 .71;.
.1:~ .7---

FIGURE 54 Failure Transients - Condition 1.2 (1st Failure)
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration 15 Prepared 5/31/79

TEST - Failure Transients -Condition 12 (2nd Failure)

nent Systems Division C~ev.e:andj Ohc Printec

--E. Ch 1~ cae E.= 0.500 v/div

__in if

= 0.0007 iri/di-.
1t 50 div/sec

E Ch 2 ~in --

4 - 41 -4--4-4+-4 -L--

E Ch 3 111
in

44

I f--4 4-4 4 4 4 -

* Fail Indicate i

FIGURE 55 Failure Transients -Condition 12 (2nd Failure)
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman -Bertea Unit Date

Configuration B Prepared 5/311/79

TEST - Failure Transients -Condition 12 (3rd Failure)

... .. .. q .. -

E, Ch I o7ic--I .~~ ale: E 0.500 v/div
- in - . .Vin

____ 0.0007 in/div

S .::~>; t =50 div/sec

E.Ch 2

4-- 4
E Ch...............<1t7-

out

I 71

~F3
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of tne total actuator stroke and the null offset is .31% of the

total actuator stroke. For the third failure, the deviation and

null cffset are .92% and .24% respectively. As shown on Figures

54, 55 and 56, the time delay of the failure logic was .85 seconds

for the test evaluation.

Figures 57, 58 and 59 show the effect of sequentially grounding

the inputs to channels 1, 2 and 3 respectively with the actuator

initially comrnanded to a 50% retract position. For the first

channel (channel 1) the actuator output deviation was .65% of the

full scale actuator output and no null shift occurred. For the

second channel failure (channel 2) the output deviation was .30%

and the null offset was .10% of the full scale actuator output.

For the third failure, the output deviation was .75% and the null

shift .30% of the full actuator output. As with Configuration A,

the failure logic arbitrarily disconnected channel 3 after the

third failure. The failure removal time delay varied between .85

to 1.1 seconds for the three failures.

The transient deviation characteristics shown on Figures 54 through

59 are quite similar to the deviations which occurred for the same

test conditions with Configuration A. This result was expected.

Grounding of an input with the actuator commanded to a position

away from null is similar to injecting a hardover failure into

that channel. For hardover inputs, the failure detection circuitry

would not show different detection characteristics between having

the pressure equalization feedback co.-, ted.
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared5/31/79

TEST - Failure Transients -Condition 13 (1st H.O.)

BRUSH ACCUCHART

in Ch_ I .Sca ..... .... le: E 0.500 v/div

x 0.lj0 in/div

*E. Ch 3!a~-
in

j- T
i 71-- 4 1 .

X --A-I ~.~

outI ji

4 + + 4 4 -1 - 444 j 4-4

Fz 1 I di I

FIGURE 57 Failure Transients Condition 13 (1st H.O.)
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date 6/1/79
ConfiguratiLon B Prepared -

TrEST - Failure Transients -Condition 13 (2nd H.O.)

i Ohio Printed in U.S A

in.Ci ~ Scale: E. =0.500 v/div
- i;~ ~x 0.0007 in/div

-t =50 div/sec

I--i- -+----4-4--4- 4 -4- -4 -- +

E. Ch 2...
in

4 - 14 --- 4---1-+ 4 -4-- - -1 f + ~ A----4-

-4 -7 i

out tj~
< . . .7 -m U17

II~LLF 2 _

Fail Indicate I

FIGURE 58 Failure Transienits -Condition 13 (2nd H.O.)
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared 6/1/79

TEST - Failure Transients - Condition 13 (3rd H.O.)

-t-

Scale: E. 0.500 v/div

= 0.0007 in/div
--- --. u

t =50 div/sec

-4 ---- --- +4 1+ - ----- !--

-E Ch 2
in44

] -

E. Ch3 ..
in

L

+ 4 -

out .. .. V V I

4 4 44+ -4 f- 44 4 4 4

ail lI n a

FIGURE 59 Failure Tranticrts -Condition 13 (3rd 14.0.)
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Figures 60, 61 and 62 show the effect of sequential grounding

of the command inputs to the control channels while the

actuator is being cycled at 10 Hz. Figure 60 shows the aLtuator

output change being reduced to 77% of the "no failure" amplitude

upon grounding of the channel 1 input. For a subsequent grounding

of the input to channel 2, as shown on Figure 61, the actuator

output is reduced to 43% of that before the second failure and

to 33% of the amplitude with no failures. For the third channel

input grounding, Figure 62 shows the output of the actuator re-

sponding slightly to channel 4 of the system, with an amplitude

of 10% of the "no failure" amplitude. Note that the fail indicate

data channel on the bottom of Figures 60, 61 and 62 shows that

the failure logic does not detect the failures and cause de-

pressurization of the failed channels. The control channels with

grounded inputs fight the channels with input commands and cause

the output amplitude response to deteriorate with each failure.

This result is similar to the Configuration A test results for

the same test condition. The connection of the pressure equal-

ization feedback network has no apparent effect on the ability

of the failure logic to detect the input failure at a 10 Hz input

frequency.

Figures 63, 64 and 65 show the effect of sequential grounding of

the command inputs to the control channels while the actuator

is being cycled at .5 Hz. Figure 63 shows the actuator output

change resulting from the grounding of the input to channel 1.

The failure is detected by the failure logic and channel 1 is

depressurized. The amplitude deviation is a temporary reduction

to 83% of the amplitude before the failure and then a return to

100% of the amplitude before the failure after channel I is
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - GLumman - Bertea Unit Date

Configuration B Prepared 6/6/79

TEST - Failure Transients -Condition 14 (1 Ch Grounded)

Scale: E. =0.050v/i

Chi1jn
EinI~i

Xou 0.0033 in/div

-- --- ±...... t =50 div/sec

~j I~ i li TA: i ti

-.4 HI

- - 4 -4- -4--4----

- Fal Inict : o ai

FI1tE 6h 3-iueTaset odiin1 1C ruddinI
w2

aJ



DYNAMIC CONTROLS, 1NC.

Test Data

Date
TEST ITEM - Grumman - Bertea Unit Prepared 6/6/79

Configuration B

TEST - Failure Transients -Condition 14 (2 Chs. Grounded)

BRUSH As
A_

('hi! Scale: E. =O0 v/i

I ~ ~ ~ ~ Xu V Q=%A^ .A 0.0033 in/div

t =50 div/sec

-11 W4 . ...

V4--+- 4

JIM

I t 4 J--V-A--4 ~ 4 4- - 4 ----

Fail Tndicate -No Fail

FIGURE 61 Failure Transients -Condition 14 (2 Cbs. Grounded)
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DYNAMIC CONTROLS, INC.

Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared6 /6 /79

TEST - Failure Transients - Condition 14 (3 Chs. Grounded)

Instrument Systems Division Cleveland Orio

E. Ch1 F __ Scale: E. 0.050 v/div
in r _ -IX 0.0033 in/div

..... .. out
t 50 div/sec

.................

Ch2 7-. -=

-+ t 4 -4 4 4i + ± --- --

I out T i-7

I agi-I -

T- t

f -4 J 1 -4 + +4 - 4-- 44 . -4--

- I T- -F -- I -

I Fail Indicate No Fail -7.

FIGURE 62 Failure Transients - Condition 14 (3 Chs. Grounded)
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman -Bertea Unit Date

Configuration B Prepared6/5/
79

TEST - Failure Transients -Condition 15 (1 Ch Grounded)

and Onio Printed in U.S A fl~%r

J: F Sae:E 0.050 v/div
in 0.0033 in/div

_ LL .Lt =20 div/sec

4 Vmq4 P 0 --

E Ch 1 1 77
in

-4- + --+--+---4-----I---+--------4------7

1:~* N1.i
E. C... ... ..

T.1

i/ n.

f. i- +- - 4 + J --



depressurized. The grounding of the input to channel 2 after a

failure of channel 1 is shown on Figure 64. As with the first

failure, the failure logic detects the failed channel and depressurizes

it. Until the failed channel 2 is depressurized, it fights channels

3 and 4, causing a temporary reduction of the output amplitude

of 25% of the amplitude before failure. The grounding of the

channel 3 input after a failure of channel 1 and 2 is shown on

Figure 65. The failure logic does not latch for this test input

and the actuator output continues to move at a greatly reduced

amplitude. Since the failure logic shows some cycling on Figure

65, actual depressurization of the channel 3 (or 4) is not assured.

This .5 Hz test input was not used for the Configuration A evaluation.

The .5 Hz input does demonstrate that when the dynamic character-

istics of the failure logic allow failure detection at a particular

frequency, the output of the actuator does not change significantly.

Without failure detection (as occurs with the 10 Hz input) the

force fight between failed and unfailed channels creates a severe

actuator output degradation.
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Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared_6/5/79

TEST - Failure Transients - Condition 15 ((2 Chs. Grounded)

~~~~~~4 -Atz~~zzz c1- 
4

-

<L Im. Ch Scale: Em 0.050 v/div
inin

x 0.0033 in/div

_____t =20 div/sec

inma

4 4 {--4

-:-7

4 - 4 - -4- - 4 - -- 4 - 4 - -4

----------------------- ---- --- ---

-- 4

0'~~~ AC



DYNAMIC CONTROLS, INC.

Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared 6/5/79

TEST - Failure Transients -Condition 15 (3 Ghs. Grounded)

__ _E. Ch 1 __ Scale: E. 0.050 v/div
t in -I t: in

~ ~ ' ~ -X = 0.0033 in/divout
t =20div/sec

7 -1

7: 1:1.

A-

a Ch 3 Fal H -

1351

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ou t '

______________________________________



3.7.3.2 Hardover Inptit Transient

Figures 66, 67 and 68 show the effect of a positive 10 volt step

applied sequentialiv to cnannels 1, 2 and 3. The output deviation

Df the attuator is shown on the fourth data channel from the top

'f each figure. Activation of the failure warning lights 4s Zshown

an the bottom ,ata channel. The actuator output deviation for

the first step Input is shon on Figure 66 and is .45% of the

rota' actuator troke with a time duration of .85 seconds. 7he

null offset after the channel is depressurized by the failure

logic is .10% of the actuator full scale output. As shown on

Figure 66, the failure logic takes .25 seconds to vote a failed

:iinnel as occurring and activate a fail indicate light. An

additional .6 seconds is required to depressurize the failed

channel.

Figure 67 shows the actuator deviation for a second hardover

input applied to the system. The output deviation resulting

from the hardover input applied to channel 2 is .3% of the

actuator total stroke. The null offset after depressurization

of channel 2 is .10% of the actuator full scale output. Figure

68 shows the actuator output deviation of .65% of the total actuator

stroke resulting from a third hardover failure injected into channel

3. The failure is detected and channel 3 arbitrarily depressurized.

The actuator deviations and duration for Configuration B occurring

with positive hardover inputs are similar to those measured for

Configuration A with the same test conditions.
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Test Data

TEST ITEM - G~rumnman - Bertea Unit Date

Configuration B Prepared 5/29/79

TEST - Failure Transients -Condition 16 (1st H.O.)

Scale: E. = 0.500 v/div
I I I~ .in

-A t 50 div/sec

E. Chl 1 ___ _

in

t Ch 2 1:

in T

Ch 3 -

in

17

out

{F -

I -SUT RE -66 Failr rrset- odtol SH



DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared 5/29/79

TEST - Failure Transients -Condition 16 (2nd H.O.)

7T~i7T77.7~±:L4I ..~ ....... T Scale: E. = 0.500 v/div
cc ::.It *.:.t~c:: s-: ~in

____ ___- 0.0013 in/div

- t =50 div/sec

E. Chl1
in

E Ch 32-~i~
in IL

E _ _ _ __3
11in.:zcss! j~ I ____________

~ -4--+---4-+ 4----4 ~ --- 4---+ - - -- 4--+--

X~ -4 rr

Fai Indicat

FIGURE 67 Failure Transients Condition 16 (2nd H.O.)
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Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared 5/29/79

TEST - Failure Transients - Condition 16 (3rd 11.0.)

BRUSH ACCUCHART

T,'~ l Scale: E. 0.500 v/div

C~h-~7~~iXout =0.0013 in/div

~*jj. 4 4. .1~~t =50 div/sec

- E. Ch 1 .:___

in

E Ch3 2 ~ I

in _

out .

II -4

44 -A +-- 4 4f 444

Fail Indicate. I

FIGURE 68 Failure Transients -Condition 16 (3rd H.0.)
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Figures 69, 70 and 71 show the actuator deviations occurring

with sequential application of negative hardover inputs into

channels 1, 2 and 3, respectively. Figure 69 shows the deviation

occurring with a negative hardover input into channel 1. The

actuator deviation is .60% of the full scale actuator stroke.

The activation of the 100% force capability for channel four is

apparent from the actuator deviation characteristic. The null

offset after depressurization of channel 1 and the activation of

channel 4's higher force limit, is .15% of the full scale actuator

output.

The second hardover input into channel 2 results in an output

deviation of 1.00% of the full scale actuator output and

a null offset of .4% of the full scale actuator output. The

third negative hardover input applied to channel 3 results in an

immediate deviation of 1.6% of the full scale actuator stroke.

Note, that as with Configuration A, the hardover inputs shown

on Figures 66 through 71 are not applied to channel 4. Since

channel 3 is arbitrarily depressurized upon the third injected

failure, the actuator output does not go hardover with the third

failure. If the third failure had been injected into channel 4,

depressurization of channel 3 would allow channel 4 to drive

the actuator output hardover. To prevent hardover inputs from

driving the actuator output hardover after three failures, an

additional channel would be required in order to provide the

necessary logic for a correct failure vote.
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DYNAMIIC CONTROLS, INC.

Test Data

TEST ITEM - Grumman - Bertea Unit ~'Date
Configuration B Prepared__6/8/79

TEST - Failure Transients -Condition 17 (1st H.O.)

V~E h 14i7V 77V 7ZihijI Scale: En. 0.500 v/div
in> Xt 0.0013 i/div

in ___ ___t 530 div/sec

.71:

:-71 -F i

1-4~ E. Ch 3: ~

4 4---

........ . .~

'F

Fail Indicate

FIGURE 69 Failure Transients - Condition 17 (1st H.O.)
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Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared 6/8/79

TEST - Failure Transients -Condition 17 (2nd H.O.)

I I I BRUSH ACCUCHART E .0 /i

E Ch 1 ~ r Scl:x 0.0013 in/divLin [tOut.71'-4174t =50 div/sec

-E Ch32
in

-4-4--~~--- ---- -- -4---- 4 4

-7 L

LI ~ ~ -14 Fail+ In4ct - i.

FIUR 70- Failur Trnins--odto-1 dH.
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DYN.AMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared 6/8/79

TEST - Failure Transients - Condition 17 (3rd H.O.)

Instrument Systems Division Cleveland. Ohio

7LW T:- Scale: E in 0.500 v/dival Chi 1Ei
in .. .out = 0.0013 in/div

t =50 div/sec

4 T::
1 ffiL#:1 .1.4 fLEl0 ~
E 3 -~in

qV Fail Indat
iiHNi-tg1111

FIGURE~~. 71. Falr.rnset..oniin1.(r ..
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Figures 72, 73 and 74 show the actuator deviations occurring

with a positive hardover (10 volt) input applied sequentially to

channels 1, 2 and 3 with the system biased to a 50% extend position.

Figure 72 shows the deviation occurring with a positive hardover

input applied to channel 1. The actuator deviation is .40% of the

full scale actuator stroke. The null offset after the failure is

detected and channel I depressurized is .10% of the total actuator

total stroke. The failure transient occurring with the second

hardover input into channel 2 is approximately the same as that

for the first hardover input. The deviation is .50% of the full

scale actuator stroke and the null offset after depressurization

of channel 2 is .2% of the total actuator stroke. The failure

deviation for the third failure into channel three is 1.0% of the

total actuator stroke. The failure logic arbitrarily depressurizes

channel 3 after a .85 second time delay, allowing the actuator out-

put to approach the original null position.

Figures 75, 76 and 77 show the actuator deviations occurring

for negative hardover (-10 volt) inputs applied sequentially to

channels 1, 2 and 3 with the system biased to 50% extend position.

The deviation for a negative hardover input into channel 1 is shown

on Figure 75 and is .70% of the total actuator stroke. The null

offset after failure detection and depressurization of channel

1 is .20% of the total actuator stroke. The deviation for the

second hardover input is shown on Figure 76 and was .60% of the

total actuator stroke with a null offset of .20% of the total

actuator stroke. As shown on Figure 77, the deviation with a

third negative hardover input applied to channel 3 was 1.10% of

the full scale actuator output.

1
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Test Data

TEST ITEM - Grumman -Bertea Unit Date

Configuration B Prepared 5/30/79

TEST - Failure Transiets -Condition 18 (1st 11.0.)

Printed in U S A

iLJIIV'I ~LI~f 77E 7:~17  cale: E. 1.000 v/div
iIL~i~L~1 IX 0.0013 in/div

- -- ~-- ~t =50 div/sec

-E. Ch 1in

-- 4 -- --- -4+-4 -1-+-4- 4-4---+----4- +-------j

IiTi

E- E. Ch 2 ..1- ......
in.. ..

1. 177 :~....... ..... I

-E Ch3 I -i
in I I~~ L

al-.7.



DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Confiuraton BPrepared 5/30/79

TEST - Failure Transients -Condition 18 (2nd 11.0.)

t

-Iii * I i-ri ii cale E. 1.000 v/divScal: Ein
jZ~IIjI~IJIJI Ij 7 0.0013 in/div

-'V ~t -50 div/sec

-E. Ch 1 Lj:II
in

~iiL

- E Ch .. .....

out L

i Indicce 1 :J t- f

FIGUR 73 /alr rnins-Codto 8(n .

FIUR BFalue rasint -Codiio 1 (nd146)i
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DYNAM~IC CONTROLS, INC.
Test Data

TEST ITEM - Griumman - Bertea Unit Date
Configuration B Prepared 5/30/79

TEST - Failure Transients -Condition 18 (3rd H.O.)

.4L4.4~j 'C~ '-

~ Scale: E. 1.000 v/div

j_______ _ Xou x 0.0013 in/div

7At =50 div/sec.

E Chi 2II
in __ _ _1

L- * Ch 2 -

in .

X t-------A-+-----
L...*.o:-u~..* I v:4.~J

Fail Indicate tiI-
FIGURE 74 Failure Transients -Condition 18 ('3rd 1I.0.)
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Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration B Prepared 5/30/79

TEST - Failure Transients -Condition19(sH.)

E Ch 1 4 r7 7 Sae 1.000 v/div
inX 0.0013 in/div

t =50 div/sec

-F ----- -

,E Ch32
in

E- 7 -±--

..x. . .

4 ~~~4 4-4 t -4-- - -4----+-

1 LI>fx tt

F14

- -.: :



DYNAMIC CONTROLS, INC.
Test Data

TEIST ITEM -Grummnan - Bertea Unit Dt

Configuration B Prepared 5/30/79

:- Failure Transients _Condition 19 (2nd H.O.)

- __-4- Scale: E = 1.000 v/div
inik in n/i

LIE. hi Litir~~ii~m 7i:7~ x = 0.0013i/i
...............2-~-~out

1' : t =50 div/sec

-4 4 - -f--- +- ~-4 -------- + 4-4--

E. Ch 2- 4
in

-4+ -1 L L - --- ---

F Ch 3
i n4

---4 64 7--- -77Li-
-4 i I-f-

FalTdct

FilUE7 Fniailr rnint dto 1 2d1..

149
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Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared 5/30/79,

TEST - Failure Transients - Condition 19 (3rd H.O.)

- t

BRUSH ACCUC
j q Scale: E in 1.000 v/div

E Cii iiX = 0.0013 in/div
E. Ch out

in t =50 div/sec

ffE Ch 2 .....
in

:T ..J. ...
.. .. . maI I

TT:.

E Ch 3--4-----

Fa.il In.i.a.e. ..

-4 i- - f-v --4 -- 4---1



Figures 78, 79 and 80 show the actuator deviations occurring for

positive hardover inputs (+10 volt) applied sequentially to

channels 1, 2 and 3 with the system biased to a 50% retract

position. The deviation for the hardover input into channel 1

is .79% of the total actuator stroke. The null offset after

failure detection and depressurization of channel 1 is .20% of the

total actuator stroke. The actuator deviation for a second hard-

over input into channel 2 is.20% of the total actuator stroke. The

null offset after depressurization is .30% of the total actuator

stroke. The deviation for the 3rd failure input into channel

3 is .40% of the total actuator stroke.

Figures 81, 82 and 83 show the actuator deviations occurring for

negative hardover inputs (-10 volt) applied sequentially to

channels 1, 2 and 3 with the system biased to a 50% retract

position. The deviation for the first failure is .70% of the

total actuator stroke while the null offset after depressurization

of channel 1 is .30% of the total actuator stroke. A second

failure input into channel 2 produces an output deviation of 1.2%

of the total actuator stroke and a null offset (after channel 2

is depressurized) of .40% of the total actuator stroke. The third

failure into channel 3 produces an output deviation of 2.0% of the

total actuator stroke.

The actuator deviations for the positive hardovers are less for

the second and third failures than those resulting from the

negative hardover inputs. Note that the actual input hardover

for negative hardovers is - 7 volts, since -3 volts is used to

establish the initial bias position.
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM, - Grumman - Bertea Unit Date

Configuration B Prepared_5/30/79

TEST - Failure Transients - Condition 20 (1st 11.0.)

HART Gould Inc., Instrument Systems Divi

in
in II __ AX = 0.0013 in/div

-- Vt =50 div/sec

TT 17 :-

: - --:
I i J

F 4 A -4 ----- 4- 4 -1

E Ch
i n

+ -4 -- ---- -- --- - +---- -f--4 - 4 4

E 4 +l. - + t--

+n i-- + -1- -4--4 1
Tw

Fai Ind icate

FIUR 8 alueTrnsets-Codtin 0(ItH..

4 4-+ + - 4152 Fr-



DYNAMiIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepare( _5/30/79

TEST - Failure Transients -Condition 20 (2nd 11.0.)

-t- -

~~EinScae: E. 1.000 v/div

I~- [ 1 - 0.0013 in/div

-~ ~ F 4t =50 div/see

- 1 - -+ 4 - +-- 4 -4--+I4 ---- t-

E Ch 2 LIII4 J

1- 4 4 4- 4 ++ 4

EinCh 3  ~ 7
in. 7.......

77I

01111

4 -- 4 -

xoIent Coiito 20 (2n _ _



DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date 5/07

Configuration B Prepared5/07

TEST - Failure Transients -Condition 20 (3rd 11.0.)

E Ch 1- Scle: E. =1.00 v/div

in in
I I -. Xou 0.0013 in/div

-- t 50 div/sec

E Ch 2ZTIIIinfl

I 4 -±-- f --- - +-+-1-4---4-

i in ... ...IA

+ 4 4 + - 4- 1 1 -4 4- -4 -1 - - -4---

Fdil Indicate ~ * .
FIGURE 80 Failure Transients - Condition 20 (3rd 11.0.)
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Test Data

TEST ITEM -Grumman - Bertea Unit Draed/97
Configuration B Peae_/97

TEST -Failure Transients -Condition 21 (1st H.O.)

- Scale: E =1.000 v/div
En CiX 

0.0013 in/div1i-r---out
------- t = 50 div/sec

II _ _ A

L Cb2.. .
I i n --- --- . .

-+-4J J -i

F Ch 9;inW F~
Fall :1:::t7

I1 GI R 817 :u e T a i i n s Co d t o 1 ( s . .
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DYNAMIC CONTROLS, INC.

Test Data

TEST ITEM - Grummn - Bertea Unit Date
Confiuraton uPrepared 5/29/79

TEST - Failure Transients - Condition 21 (2nd H.0.)

- Gould Inc., Instrument Sstems Division
-- 4==-4- ---4 ~-- --- 4--+-f- - =

iiScale: E. 1.000 v/div

________ X 0.0013 in/div:j out
t =50 div/sec

in -

± - - -- 4+----44- -4-- i--- 11--±-

L -- 4- -+4--4 +----4~

-~-E Ch 3.

i n
Lv . .. .

-~out

Fail Indirate

FIGURE 82 Failure Transients- Condition 21 (2nd H.O.)
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Test Data

TEST ITLEM - Grumman - Bertea Unit Date

Configuration B Prepared__5/29/79

TEST - Failure Transients -Condition 21 (3rd H.O.)

led in U S A

Scale: E. = 1.0 00 v/div

--- - -- I___________ ___ 0.0013 in/div

II t =50 div/sec

_E. Chl 1
in i

1: I a ... ... ... .

l_::E Ch 2

-4 -+-- --- +-- -- 1--i

E C
in

I 
p

1xout 1i I .
F- 4 f 4 4 4 4 -4 4 1 1 1 4 4 -4

L~ I _A -i

Fail Indicate :j jI1A 1

FIGURE 83 Failure Transients - Condition 21 (3rd H.O.)
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Figures 84, 85 and 86 show the output change resulting from a

hardover input applied sequentially to the input channels of the

system while the actuator is cycling at approximately 10 Hz with

an input amplitude just below that causing rate saturation. Figure

84 shows the output change resulting from a positive hardover

input applied to channel 1. The effect of the input failure is

a reduction in the peak amplitude of the actuator output in one

direction of motion of 18% of the output signal. The second input

failure as shown in Figure 85 causes a null shift of .25% of the

maximum actuator stroke with no amplitude attenuation. The third

failure input shown in Figure 86 shows the output amplitude

attenuating to zero amplitude.

Figures 87, 88 and 89 show the actuator output change resulting

from a negative hardover input applied sequentially to the channel

inputs of the system while the actuator is cycling at approximately

10 Hz with an input amplitude just below that causing rate saturation.

The results are similar to those with a positive hardover input. The

first failure shown on Figure 87 causes an output attenuation in

one direction of motion of 13% of the output signal. The second

input failure shown on Figure 88 causes a null shift of .25% of

the maximum actuator stroke. The effect of the third negative

hardover input is to cause the actuator to stop responding to the

sinusoidal input. The actuator does not go hardover, since channel

4 prevents channel 3 from driving the actuator output hardover.

These results are similar to those obtained for the same test

c-nditions and Configuration A. Tle pressure equalization

eedback has no or little effect on the failure detection and

-,,Luator deviations for the hardover inputs under cycling conditions.
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Prepared 6/4/79
Configuration B

TEST - Failure Transients -Condition 22 (1st H.O.)

L ~Scale: Ei 0.500 v/div

± L~~ 4Xou 0.0033 in/div

t =200 div/sec

-+A -51

-T E Ch32

in

a -+T---F f-A- +-+--f--------

{j I:--X

+ ~ ~ ~ ~ ~ ~ 7 ff + +-+ + -- 4 ---- f--

* Fail Indicate

FIGURE 84 Failure Transients - Condition 22 (1st H.0.)
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Test Data

TEST ITEM - Grumman -Bertea Unit Praed647

Configuration B rped647

TEST - Failure Transients -Condition 22 (2nd 11.0.)

BRUSH ACCUCHART Gould

TScale: Ei 0.500 v/div

X = 0.0033 in/div

t =200 div/sec

E. Ch 1 __

in

+~~ ---- 4

E Ch 7-

4-44-4 -44 1 44 t 4

-1 
I

~4 -1 -_--__---



DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared 6/4/79

TEST - Failure Transients -Condition 22 (3rd H.O.)

Irinled in 1- S A.,

4 I ~Scale: E. =0.500 v/div

~ j-----X 0.0033 in/div

-E Ch1__ t =200 div/sec
in.. ...

Ch 2

7 7

-- - + I - 4 + -4 - 4 - 4 4 4

t

Fai 114 4

K1(;URE 86 Faixlre Transietits -(.ondItioii 22 31-a H.O.i
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM -Gruman - Bertea Unit Drated647Configuration B Prprd647

TEST -Failure Transients - Condition 23 (1st 1-.0.)

ted in U S A
'!%J ; - v-- Scale: E. = 0.500 v/div

Ch 1 =O.OIO33in/dInin .. in-- x 0033i/i

-.. ;;.t =200 div/sec

T.- LJ 7ifi-

-44 -+--4 4--4- 4-4--- *4-- 4 4- ---+ ---

4 4- [ -4 - -A --- f
I \LkL
47 -- - -4

Fail Indicate

FIGURE 87 Failure Transients - Condition 23 (1st H.O.)
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Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration B Prepared 6/4/79

TEST - Failure Transients -Condition 23 (2nd H.O.)

-t >b

7~F 7 ~ ~ F Scale: E. 0.500 v/div
in

in Cl_____X 0.0033 in/div

_____t 200 div/sec

~ ~~I. ow -- - 4 4 + + - 4

Fai- ---i--- ---

FIUR 48 Faiur Trasin- 4 Codto-3(n ..

77163
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Praed 6/4/79
Configuration B -rprd

TEST - Failure Transients -Condition 23 (3rd H.O.)

inC 11 ~ ~ -1--~-- Scale: E. 0.500 v/div
inJE Ch T in

_____________________________ ou = 0.0033 in/div

.. t = 200 div/sec

-1E. Ch 2 - 14
in .. ...

L- JV-- 
-

i L-- 1I 1

E h3

ot

4 4j 4 4 -4 4

7i

i14 *~ b ~d~ihrL rrnsic'ts rIF- ~ 3r ..

_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _

F- ai -. ! :1



3.7.3.3 Simultaneous Hardover Input Failure Transient

Figure 90 shows the effect of hardover inputs applied simultan-

eously to channels 1 and 2 with an initial bias input. For this

condition, the failure logic does not vote a failure and the

resulting motion of the actuator output is a hardover displacement

of the actuator with a hardover position reached in 1.9 seconds

after the hardover inputs. Since channel L is limited to a 50%

force output until a failure is voted, the force level capability

of channel 1 plus 2 is greater than the force level of channel

3 plus 4. This allows the simultaneous input failures to drive

the actuator output hardover. Simultaneous failures for the

system would be failures occurring within the logic voting time

of .25 seconds. This bias input test was not conducted on

Configuration A.

Figure 91 shows the effect of hardover inputs applied simul-

taneously to channels 1 and 2 with the system initially sub-

jected to a null (0 voltage) input command. The actuator deviates

to a new position 4.7% of the total actuator stroke away from the

initial position. The actuator does not travel hardover, as was

the case with the initial bias input condition of Figure 90. The.

reason for this is that the test condition causes a failure to e

voted long enough to increase channel 4's force limit to 100'/ but

not lon' enough to cause depressurization of channel 3. The

actuator moves only far enough to cause channel 1 and 2 to be

totally opposea by channels 3 and 4. For Figure 90, the bias

input prevented any failure voting from occurring. The test

results shown on Figure 91 are similar to those obtained with

Configuration A. However, the actuator movement to obtain force

cancellation incr(.ased from 1.9r,% to 4.7' of the total actuator

stroke. This is a result of the pressure equalization feedback
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman -Bertea Unit Date
Confiuraton BPrepared 5/31/79.

TEST - Failure Transients - Condition 24

sion Cieveand Ohio Printed in U S A ..

E. Ch 1. . . . I . . - . 777

in i 4 j

E . Ch 2
in

LIL

-+--- 4- 4 + -4 -+-4- -- + -44- - I -- ±----

C7 ~ ~ ~ ~ ~ : ....~ .. .T ..T .T .... T .. . .. ~

Fail Indicate i . i r jI I
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circuit being connected for Configuration B. The negative pressure

feedback requires that a larger error signal be developed for a

given force output from a channel's actuator than when negative

pressure feedback is not used.

Figure 92 shows the effect of simultaneous grounding of the inputs

to channels i and 2 with the system operating at a frequency of

.5 Hz with an input just below that which would cause rate saturation

distortion. The effect of the applied input failures is to reduce

the output of the actuator to less than 50% of the initial amplitude

with distortion amplitude clipping. As shown on Figure 92, the

failure logic votes failures for channels 3 and 4, but does not

latch. From the change in actuator motion, it appears that

channels 3 and 4 command output of the actuator only far enough

to cause the grounded input channels to totally oppose their

force output. The failure logic apparently does not vote failures

long enough to depressurize either channel 3 or 4.

Figure 93 shows the effect of simultaneous hardover inputs

into channels I and 2 with the system operating at 10 Hz with

the maximum unsaturated input amplitude. The failure logic

does vote a fourth channel failure indication briefly and the

actuator output moves 7.5% of the total actuator stroke in 1.4

seconds and stops. The actuator output does not go hardover.

This indicates that the channel 4 force limit has been increased

to 100%, allowing channels 3 and 4 to cancel out the f~rce out-

puts of channels 1 and 2. The actuator does not continue to

respond to the 10 Hz input command after the hardover failure

inputs. This result is similar to that obtained with Configuration

A for the same test condition.
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Figures 94 through 99 show the failure transients associated

with a slowover input failure applied sequentially to channels I,

2 and 3 for both extend and retract slowover inputs.

Figure 94 shows the effect of an extend slowover ramp of an

amplitude varying from 0 to 1.0 volt at a rate of .4 volts/sec

applied to the input of channel 1. The actuator initially responds

to the input until the failure logic depressurizes channel 1 and

changes the force limit of channel 4. The maximum actuator

deviation from null is .37% of the maximum actuator stroke.

Figure 95 shows the effect of an extend slowover ramp of an

amplitude varying from 0 to 1.0 volts at a rate of .4 volts/sec

applied to channel 2 (after channel 1 has been depressurized

and channel 4's force limit has been increased to 100%). The

amplitude of the extend polarity ramp was apparently too small to

cause the failure logic to vote a failure. The failure logic

voted a failure on the retract polarity of the input ramp. The

output deviation of the actuator is 34% of the total actuator

stroke with the deviation after depressurization of channel 2

being a null offset ot .13 of the total actuator stroke.

Figure 96 shows the effect of an extend slowover ramp of an

amplitude varying from 0 to 1.0 volts at a rate of .4 volts/sec

applied to channel 3 (after channel I and 2 have been depressurized).

The output deviation is .8% of the total actuator stroke.

Figures 97, 98 and 99 show the deviations for retract slowover

ramps applied sequentially to channels 1, 2 and 3 respectively. The

test results are similar to those obtained for the extend slowover

inputs.
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The slowover failure test results obtained for Configuration B are

similar to those obtained for Configuration A. This indicates

that the pressure equalization feedback does not noticably change

the output deviations of the system for slowover failures.

This is consistent with the principle of the pressure feedback

circuit not operating below a set design le-el. The actuator

deviation required to cause the unfailed channels to offset the

channel with a slowover input does not change with the application

of pressure feedback equalization. This is because the differ-

ential Dressures required from the unfailed channels for the force

offset are not large enough to exceed the level for pressure

feedback activation. The main effect of the pressure feedback

on slowover input failures is to allow a larger input command

difference before a failure is voted.

Figures 100, 101 and 102 show the effect of sequentially applying

ramp inputs to channels 1, 2 and 3 while operating the system at

10 Hz at a maximum unsaturated amplitude. The failure ramp input

is slow enough to be detected as a failure. The primary effect

of the slowover inputs is a null shift until failure logic

depressurizes the channel. The third ramp input failure was

not detected by the failure logic and channel three was not

depressurized. With the exception of the third channel failure,

these results with Configuration B are similar to those obtained

for Configuration A and this particular evaluation test.
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3.7.3.4 Hydraulic Failure Transient

Figures 103, 104 and 105 show the actuator deviation which occurs

with failure of the hydraulic supply pressure to one or more

channels of Configuration B. The configuration does not detect

hydraulic failures as part of the design. Therefore, the

effect of hydraulic failures on the system are essentially that

of depressurizing the control actuator section connected to

a particular hydraulic supply. Since the system could be con-

nected with one separate hydraulic supply per channel or two

channels to one supply and two channels to another, the transient

testing evaluated both these supply pressure connections.

Figure 103 shows the effect of failing the hydraulic pressure

to channel 1. The system does not show an output movement

as a result of the hydraulic system failure. Note that no failure

is voted by the failure logic, as was expected from the design

of the system. Figure 104 shows the effect of sequentially

failing the hydraulic pressure to channels 3 and 4 and then I and

2. The effect of the first failure is a slight shift of the

actuator output, due to residual force fight between channels.

Since channels 1 and 2, remaining operational after the first

pressure failure, are depressurized together, no output deviation

occurs with the second supply pressure failure. Note that after

the second failure of the supply pressure, Configuration B is

totally non-operational. Figure 105 shows the effect of total

system failure with a null input. No significant deviation of

the system output occurs.

This test sequence for transients was not conducted on Configuration

A. The general effect of hydraulic pressure failure is that of

depressurization of the control channel without failure indication

or activation of channel 4.
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3.7.4 Failure Logic Detection Characteristics

3.7.4.1 General

This section describes the results of testing conducted to

establish the failure detection characteristics of Configuration

B. The amplitude and duration of the transients resulting from

control channel failures are directly affected by the failure

detection characteristics. Also affected is the ability of a

configuration to tolerate power and command signal momentary

interrupts and amplitude transients. The detection levels used are

the same as set for Configuration A (failure detection at channel

mismatches corresponding to a servovalve current 50% of saturation).

The time delays used were those initially provided with the unit

and the same as Configuration A.

The test results present both the static detection level for each

channel and the highest frequency at which an input amplitude

110% of the static detection level is detected by each channel

and causes the channel to be depressurized.

3.7.4.2 Specific

Figure 106 shows the data taken in order to establish the failure

detection level for channels 1, 2 and 3 while the other input

channels are grounded. The amplitude of the input at failure

indication is the failure detection level.

Table 17 lists the extend and retract direction failure detection

input voltages for each channel of Configuration B. Note that tne

channel 4 failure detection is lower than that of channels 1, 2 and 3

186



for the extend polarity of input voltage. For the measurement

of chanuel 4's failure detec ,tion level, all other channels are

operational and the force limit for channel 4 is 50%. The force

limit establishes the differential pressure at which the equalizer-

failure detection spool begins to move. It is expected that t:ie

failure detection level for channel 4 would increase with the

increase in the channel 4 force limit to 100%.

Compared to Configuration A, the static failure deteLtion level

is greater for Configuration B. The increase in the static

failure detection level is between 77% and 112% for all failure

detection levels except the channel 2 and 3 retract failure detection

levels. The increase over the Configuration A levels for those

two voltages measured 35% and 31.6% respectively. The increase

in the static failure detection level is a direct result of the

differential pressure equalizer feedback circuit. This circuit

requires a larger channel input for a given differential pressure

(ever the equalizer operating range) and would make the voltage

required for a channel failure vote greater than without the

equalizer operating.

Figure 107 shows the test data obtained in measuring the channel

1, 2 and 3 dynamic failure detection level characteristics. The

input to each channel is maintained at an amplitude of 110% of

the input required to cause failure detection with a slowover

input and the frequency of the input signal varied. As shown on

Figure 107 the frequency of the input signal is reduced until the

fail indicate data shows that a channel is voted as failed. Note

that the fail indicate signal does not latch immediately with the

first operation of the fail indicate output. The dynamic failure

detection level bandpass frequency is defined as the frequency at

which failure logic latches.
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TABLE 17

Failure Detection Level - Static

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 6/29/79

TEST ITEM - Grumman - Bertea Unit
Configuration B

TEST - Failure Detection Level - Static

Fail Voltage
Test _________Cdtin Channel
Condition Extend Retract

1 1 -0.800 +0.650

1 2 -0.800 +0.500

1 3 -0.700 +0.500

1 4 -0.250 +0.550
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Table 18 lists the highest frequency at which the failure logic

votes a failure for a particular channel with failure input

amplitude 110% of the static failure detection level. For

channels 1, 2 and 3, the frequency is .62 Hz. For channel 4,

the frequency is .93 Hz. As with the static detection level,

the difference between the channel 4 dynamic failure detection

level and the dynamic detection level for channels 1, 2 and 3 is

associated with the 50% force limit used with channel 4. It

is expected that the detection level frequency would decrease

for channel 4 to that of channels 1, 2 and 3 with an increase

of the channel 4 force limit to 100%.

The failure detection highest frequency for Configuration B is

approximately double that of Configuration A for channels 1, 2

and 3. The increase in frequency is due to the operation of

the equalization feedback circuit. Since the equalization feed-

back requires a larger input for the same detection differential

pressure, the available flow from the servovalve while developing

the detection pressure level is increased compared to operating

without the negative pressure feedback circuit connected. This

allows the failure detection spool to reach the detection stroke

at a higher frequency. This extention of the failure detection

bandpass to a higher frequency than without the negative pressure

feedback circuit is a positive aspect of the pressure feedback

technique.
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TABLE 18

Failure Detection Level - Dynamic

DYNAMIC CONTROLS, INC.

Test Data

Date Prepared 6/29/79

TEST ITEM - Grumman - Bertea Unit
Configuration B

TEST - Failure Detection Level - Dynamic

Test Condition Channel Fail Hz

11 0.62

1 2 0.63

1 3 0.62

1 4 0.93
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3.8 Specific Test Procedure - Configuration C

3.8.1 General

Configuration C of the force sharing system is based on Configura-

tion B with integrators being added to the equalizer feedback

network. The purpose of adding integrators to the equalizers

was to improve the threshold characteristics of the force sharing

mechanization. The integrators allow the control channels to

operate in the high pressure gain region of the control valves,

even with large channel offsets. Figure 108 is a schematic of one

Configuration C control channel. The channel is mechanized so that

either proportional or integral equalizer feedback can be selected

for the channel. All circuit values are the same as those used for

Configuration B. No change in the logic failure detection settings

were made in converting Configuration B to Configuration C.

For channel offsets, the effect of the integrators used with the

equalizers is to drive the differential pressure across the equalizers

to that corresponding to the spring preload level. This allows the

control channels to operate in the high pressure gain region of

the control valves. This is because the equalizer does not re-

duce the pressure gain of a control valve when the differential

oressures are ,elow Lie spring prelead k.vel for the equalizer.

The net effect nf integrating the qualizer output with the force

sharing channels coupled together is to cause the effective

pressure gain of the system to be greater than that occurring

with the proportional equalizer feedback technique.
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Figure 109 shows the expected effect on the channel offsets of

adding the integrators to the equalizer outputs. Note that for

the channels having offsets which cause differential pressures

greater than that equivalent to the equalizer spring preload,

the differential pressures are driven towards the spring preload

pressure level. For the channel with an initial differential

pressure below the equivalent spring preload pressure, the pressure

changes slightly. This change is due to the reduction in the

differential pressures of the other channels (1, 2 and

4) in response to the equalizer integration operation.

In order to avoid having the output position of the control

system dominated by the operation of integrated equalizer feed-

back loop, it is necessary to operate one control channel of the

system as a master channel without equalizer output integration.

This master channel determines the system output position and the

remaining channels tend to adjust themselves to minimize a force

fight with the master channel. In order to maintain a master

channel with each system failure, the failure logic is modified to

reassign the master channel role to one of the remaining good

channels upon failure of a control channel. As mechanized for

Configuration C, Channel 1 is assigned the role of the master

channel with no failures. With the failure of channel 1, channel

2 is assigned the role of the master channel. For first failures

other than channel 1, the master channel assignment remains with

channel 1. Channel 3 is used as the 3rd master channel if both

channels 1 and 2 fail.
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The threshold characteristics are potentially improved by the

use of the integrator and master channel approach because of the

improvement in the effective pressure gain. The use of the in-

tegrator in the pressure equalizer feedback path does require in-

tegrator saturation before slowover failures having a rate of

change slower than the integration rate can be detected. This

results in an input amplitude for failure detection greater than the

amplitude for slowover failures having a rate of change greater

than the integration rate. The system output deviation for

either slowover failure should be the same, since the actuator

channel force output at failure detection is unchanged by the

operation of the integrator.

In general, the effect of failures on the actuator output deviation

should be improved by the operation of the integrators. This is

because the integrators force the backup channels (those using

the integrated equalizer feedback) to operate in or at the edge

of the high pressure gain region. Therefore, a channel failure

is required to create less actuator output change before causing

an opposing force fight (and failure detection) than with the non-

integrated equalizer outputs. With the non-integrated equalizer

outputs, the channels can operate (and normally do) away from the

high force gain region. With a channel failure and non-integrator

equalizers, the system output must change enough to cause the

opposing channels to operate in or approach the high force gain

rpgion. This output change is added to the change required for

actual force balancing with the failed channel.

Thc effect of a slowover input with a rate of change less than

the integration rate into a master channel causes no problem

and does not require the backup channel integrators to saturate

197



in order to vote a master channel as failed. Force opposition

is achieved at an output change less than that required for backup

channel integrator saturation. This is illustrated on Figure 110.

The initial positions of channels 1, 2, 3 and 4 are shown circled

with a solid line. Note that the run of the positive and the

negative channel forces is zero. Channel 4 operates at its 50% force

limit and is assumed being at + 150 lb. Channel 1 is assumed to

be the master channel. The change of position of the control

channels upon a slowover input into channel 1 is shown with dotted

lines. A positive drift of channel 1 is shown to the point

of failure detection. Note that at failure detection, the other

three channels have moved to keep the sum of the positive and

negative forces equal to zero. Channel 2 moves to a -300 lb

force position and because of the integrator operation remains

at that force level. Note that channels 3 and 4 were initially

operating at the edge of the high force gain region. They move

towards a negative force output in response to the system output

change resulting from the slowover input change to channel 1.

The dotted circles indicate the respective channel positions upon

detection of the channel 1 failure.

Note that the effect of the integration in this example is to

limit the force of channel 2 to -300 lb, requiring channels 3 and

4 to shift more in order to create a force balance. The effect

of no channel 2 integration would be to allow channel 2 to move

to a slightly more negative force with increasing output deviation.

However, because the channel 2 movement would be in a low force

gain region, the relative reduction in actuator movement for

force balancing and failure detection of the channel I failure

would be slight.
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3.8.2 Specific

The test procedure used for evaluation of Configuration C was

similar to that used for Configuration A and B. Table 19 lists

the 27 test conditions and the values used for evaluating

Configuration C.

The test Conditions 1 through 11 are the various operational modes

of the system. The performance measurements described in Section

2.2.1 were used to document the performance characteristics for

these test conditions. All other test conditions correspond to

the "Failure Effect on Performance" measurements described in

Section 2.2.2 and the "Input Deviations Effect" measurements

described in Section 2.2.3.

Test Conditions 12 through 27 correspond to the "Failure Removal

Transients" measurements described in Section 2.2.4. These test

conditions describe both the initial conditions and the test used

for creating the transient.

3.9 Test Results

3.9.1 General

The data presentation format for the test results of Configuration

C is the same as for Configuration A and B. For all measurements

except the transient measurements, the test data is presented in

tabular form. For the transient data, the results are presented

as recorded.

200



TABLE 19

TEST CONDITIONS

Grumman - Bertea Unit - Configuration C

Test Condition Test Condition Description

1 Baseline - all channels nulled, pressurized

(3000 psi) and operating correctly.

2 One channel (1) electrical failure.

3 Two channels (i & 2) electrical failure.

4 One channel (1) hydraulic failure.

5 Two channels (1 & 2) hydraulic failure.

6 One channel (1) with negative input offset
(biased to 90% of trip level).

7 One channel (1) with positive input offset
biased to 90% of trip level).

8 Two channels (1 & 2) with negative~input
offsets (both channels biased negatively
to 90% trip level).

9 Two channels (1 & 2) with opposing input
offsets (channel 1 biased positively and
channel 2 biased negatively to 90% trip
level).

10 One channel (1) with hydraulic pressure
reduced to 2000 psi.

11 Two channels (I & 2) with hydraulic pressure
reduced to 2000 psi.

FAILURE TRANSIENTS

12 Ground inputs to channels 1, 2 & 3 sequentially
with system at 50% extend.

13 Ground inputs to channels 1, 2 & 3 sequentially
with system at 50% retract.
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TABLE 1

TEST CONDITIONS (cont'd)

Test Condition Test Condition Description

14 Ground inputs to channels 1, 2 & 3 sequentially

with the system operating at the bandpass
frequency (10 Hz) with the maximum unsaturated
input.

15 Ground the inputs to channels 1 & 2 sim-
ultaneously with the system operating at

the bandpass frequency (10 Hz) with the
maximum unsaturated input amplitude.

16 Positive hardover (+1OV) sequentially applied
to channels 1, 2 & 3 with the system at null.

17 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with the system at null.

18 Positive hardover (+1OV) sequentially applied
to channels 1, 2 & 3 with the system biased
to 50% extend.

19 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with the system biased

to 50% extend.

20 Positive hardover (+IOV) sequentially applied
to channels 1, 2 & 3 with system biased to
50% retract.

21 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with system biased to
50% retract.

22 Positive hardover (+10V) sequentially applied
to channels 1, 2 & 3 with system operating
at the bandpass frequency (10 Hz) with
the maximum unsaturated input amplitude.

23 Negative hardover (-10V) sequentially applied
to channels 1, 2 & 3 with system operating
at the bandpass frequency (10 Hz) with
the maximum unsaturated input amplitude.
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TABLE 1

TEST CONDITIONS (cont'd)

Test Condition Test Condition Description

24 Positive hardover (+IOV) simultaneously to

channels 1 & 2 with the system at null.

25 Positive hardover (+1OV) simultaneously to
channels 1 & 2 with the system operating
at the bandpass frequency (10 Hz) wiih
the maximum unsaturated input amplitudc.

26 Apply a ramp of zero to 1 volt at 0.4 volts/sec
(+l.0V at 0.1 Hz) to channels 1, 2 & 3 sequen-
tially with system at null.

27 Apply a ramp of 0 to 1 volt at 0.4 volts/sec
(il.OV at 0.1 Hz) sequentially to channels
1, 2 & 3 with system operating at the
bandpass frequency (10 Hz) with the maximum
insaturated input amplitude.
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The non-detection of hydraulic failures by the force sharing system

affected the testing of Configuration C. As mechanized, a hydraulic

failure of a master channel did not cause transfer of the master

role to a backup channel. For Condition 4 of Table 19, the

hydraulic failure of channel I allowed the system output to drift

in response to the integrator operation. Since this condition was

not considered to be representative of the mechanization approach

and could be solved by the addition of pressure sensing logic,

no test results are shown for Condition 4. Condition 5, with the

hydraulic failure of both channels 1 and 2, did produce test data

which are included in the test results. Although the hydraulic

failure of channels I and 2 did not cause the existing logic

to make channel 3 or 4 a master channel, the 50% force limit for

channel 4 caused channel 3 to operate in its high force gain region

in order to achieve an equilibrium condition. This effectively

caused channel 3 to operate as a non-integrated or master channel.

The following results are presented in tabulated form for conditions

I through 11 (with the exception of Condition 4):

1. Static Threshold

2. Dynamic Threshold

3. Frequency Response

4. Distortion

5. Hysteresis

6. Saturation Velocity

For these test results reduced to tabular form, a sample of the

recorded data is included with the table. The linearity and

step responses for conditions 1 through 11 are presented as recorded.
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As was done for Configuration A and B, the measurements of threshold

and hysteresis are presented in terms of both the percent of the

input required for full actuator stroke and the input required

for full servovalve output flow. As previously stated, this

method of presenting the data allows comparing different control

valve driving mechanizations independent of the actuator stroke

used for the mechanization. The test results for Configuration

C are presented as follows:

1. Performance measurements for Conditions I
through 11 (with condition 4 omitted)

2. Failure transients for Conditions 1 through
11 (with Condition 4 ommitted).

3. Failure logic detection characteristics.

As appropriate, the test results are discussed in comparison with

those obtained for Configuration A and B.

3.9.2 Performance Measurements

3.9.2.1 Static Threshold

Figure 111 shows the data recorded in establishing the static

threshold for Configuration C and test Condition 1. As shown

on this figure, the amplitude of the ramp input is increasing

with increasing time. The threshold value is determined by

the amplitude of the input where the actuator output starts to

respond to the input signal. Table 20 lists the threshold values

measured for the test conditions 1 through 11 (with ondition 4

omitted).

The threshold measured for Configuration C was generally better

than for Configuration B and slightly worse than Configuration A.

Since the intent of the addition of the integrators to the force

mechanization (in order to make Configuration C) was to improve

the threshold, the results are significant.
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DYNAMIC CONTROLS, INC.

Test Data

Date
TEST ITEM - Grumman - Bertea Unit Prepared _4/2L/79

Configuratio'n C

TEST - Static Threshold - Condition 1

BRUSH ACCUCHART Gould Inc., Instrur

Q* I 4- ~ 4 +- I t 4- *,- +- -14- -t -f 4 Lt it t+- 4f- -3

---- - 4- 4 j 4 z-:rJ-

Xout 000003in/d,

t'pe nu = 2.0di2v/c

[[r:uRFk III Static Threshold -Condition 1
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TABLE 20

STATIC THRESHOLD

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - Bertea Unit
Configuiration C

TEST - STATIC THRESHOLD

Test

Condition Static Threshold

Input Volts %of Max Input % Of E Ma

1 0.028 0.14 18.21

2 0.036 0.18 23.41

30.042 0.21 27.31

4

5 0.041 0.21 26.66

6 0.051 0.25 33.16

7 0.028 0.14 18.21

8 0.039 0.19 25.36

9 0.036 0.18 23.41

10 0.038 0.19 24.71

110.036 27 0.18 23.41
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For the normal operating Condition I, the threshold was 70% of

that measured for the same test condition and Configuration B.

The threshold was 27% greater than that measured for Condition I

and Configuration A. This trend, with few exceptions, continues

for the remaining test Conditions 2 through 11. It appears from

these test results that the integration of the equalizer outputs

does make some improvement to the force gain of the system with

the pressure equalizer feedback connected. However, the threshold

without any equalizer feedback (Configuration A) is still generally

lower than for Configuration C.

3.9.2.2 Dynamic Threshold

Figure 112 shows the data recorded in establishing the dynamic

threshold for Condition 1. A 10 Hz input of nominal sinusoidal

form was used to drive the actuator system. The input waveform

shows some generator distortion pecular at that time to the

function generator used for the testing.

Table 20 lists the dynamic threshold measurements for Configuration

C and test Conditions 1 through 11 (Condition 4 omitted). The

dynamic threshold varies from .066 to .155 volts at the input.

Compared to the dynamic threshold range for Configuration B

of .034 to .046 volts, the Configuration C dynamic threshold

values are almost twice as large. This indicates that the

operating points for the control channels are such that the force

gain from the servovalves is lower than with Configuration B. The

Configuration C measugements are also larger than those for

r"'nfiguration A (except for Conditions 3 and 11).
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DYNAMIC CONTROLS, INC.
Test Data

Date
TEST ITEM - Grumman - Bertea Unit Prepared 4/25/79

Configuration C

TEST - Dynamic Threshold - Condition 1

t

ystems Division Cleveland. Ohio Printed in U S A

10. 0z Sine Wave Input
Scale: Input 0 002 v/div

Xout  0 000003 in/div

t =200 div/sec

FIGURE 112 Dynamic Threshold -Condition 1
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TABLE 21

Dynamic Threshold

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared _4/18/79

TEST ITEM - Gruaman - Bertea Unit
Configuration C

TEST - DYNAMIC THRESHOLD

Test
Condition Dynamic Threshold

Input Volts /%of MaxIn~put % of E v Max

1 0.066 0.33 42.91

2 0.077 0.38 50.07

3 0.074 0.37 48.11

4

5 0.150 0.75 97.53

6 0.155 0.77 100.78

7 0.090 0.45 58.52

8 0.073 0.37 47.46

9 0.080 0.40 52.02

10 0.072 0.36 46.81

11 0.066 0.33 42.91
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The net effect of the equalizer integration on the dynamic threshold

characteristics is one of degradation compared to operation without

the integrators. This was not anticipated for the test results

and is apparently due to the particular operating offset conditions

for the channels causing a slight reduction in the force available

from the servovalves when meeting the dynamic flow demand for the

individual channels.

3.9.2.3 Frequency Response

Figure 113 shows the frequency response recorded for the condition 1

response measurements. As with the tests for Configurations A and

B, the response for all test conditions resembled the response shown

on Figure 113 in terms of the peaking and roll-off characteristics.

Table 22 lists the frequency response for Conditions 1 through

11 (Condition 4 omitted) in terms of the frequencies at which

the -900 phase angle and the -3 Db amplitude ratio point occurred

for each test condition. As shown on Table 22, the -3 Db frequencies

did not vary significantly for the various test conditions. The

lowest -3 Db frequency was 17 Hz and the highest 19.8 Hz. These

results are similar to those obtained for Configurations A and B.

Since the integrators are only effective at very low frequencies,

little effect on the frequency response of the system was expected.

The test results for the frequency response are consistent with the

effect expected of the integrators.
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TABLE 22

Frequency Response

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - Bertea Unit
Configuration C

TEST - FREQUENCY RESPONSE

Test
Condition Output 4% Full Scale

-3 db Hz -90° Hz

1 19.0 34.0

2 19.8 34.0

3 18.8 31.5

4

5 18.3 30.0

6 18.8 32.5

7 18.8 32.5

8 18.3 33.0

9 19.0 32.5

10 17.5 32.0

11 17.0 32.0
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3.9.2.4 Distortion

Table 23 lists the harmonic distortion measured on Configuration

C for test Conditions I through 11 (Condition 4 ommitted). At 5

Hz the distortion is approximately two thirds that measured on

Configurations A and B. At 10 Hz the distortion was still lower

by a factor of one third that measured on Configuration B and

by one fifth than that measured for Configuration A for most of

the test conditions. At 20 Hz, the distortion was similar

to that of Configuration B and slightly higher than that measured

for Configuration A. The distortion for all test conditions and

frequencies did not exceed 6%, indicating good signal transmission

fidelity.

Condition 5 with two channels failed hydraulically gave the

highest distortion figures for Configuration C at all three test

frequencies. This is consistent with test condition since the

available driving force to move the output had been reduced

to less than half the no failure condition (Condition I).

For the test data, it is apparent that the operation of the

integrators with the pressure equalization feedback does not

adversely affect the system distortion.

214



TABLE 23

Distortion

DYNAMIC CONTROLS, INC.
Test Data

Date rrepared 4/19/79

TEST ITEM - Grumman - Bertea Unit
Configuration C

TEST - DISTORTION

Test Change of % distortion from baseline value
Condition

% @ 5 Hz % @ 10 Hz % @ 20 Hz

1 Baseline Value* Baseline Value** Baseline Value***

2 0.10 0.40 -0.04

3 0.74 1.10 0.70

4

5 1.00 1.20 1.49

6 0.15 0.16 0.28

7 0.15 -0.04 0.18

8 0.26 0.67 0.29

9 0.26 0.18 -0.07

10 0.06 0.78 -0.21

0.16 1.08 0.49

*2.26% **2.78% ***4.19%
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3.9.2.5 Hysteresis

Figure 114 shows the data recorded for measuring the hysteresis

of Configuration C for Condition 1. The input level used was

+1% of the input for the full actuator position.

Table 24 lists the hysteresis measured for the test Conditions

1 through 11 (Condition 4 omitted) in terms of the actuator full

scale input and in terms of the input required to generate full

flow from the servovalves.

The hysteresis for Configuration C and the test conditions used

was less than that measured on Configuration B and in general

greater than that measured on Configuration A. This indicates

that the master channel integration technique does reduce the

hysteresis of the system with the equalizers connected. This

is consistent with the threshold measurements presented previously

for Configuration C. Note that the hysteresis in terms of

the maximum actuator stroke is less than .22% for all test

conditions. When expressed in terms of the maximum unsaturated

valve current or stroke, the hysteresis is above 15% for all

test conditions and reaches 27% for Condition 11.

It is apparent from the test results that the integration technique

does improve the hysteresis measurements compared to using the

equalizer without integrating the feedback. Compared to the

force sharing mechanization without pressure equalization, the

hysteresis is still slightly greater for almost all test

conditions.
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TABLE 24

Hysteresis

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - Bertea Unit

Configuration C

TEST - HYSTERESIS

Test

Condition

% Full Scale % of E Max
V

1 0.1-2 15.61

2 0.14 18.21

3 0.19 24.06

4

5 0.18 23.41

6 0.19 24.71

7 0.19 24.71

8 0.19 24.71

9 0.17 22.11

10 0.16 20.81

11 0.21 27.31
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3.9.2.6 Saturation Velocity

Figure 115 shows the data recorded for test Condition I in order

to determine the saturated velocity of Configuration C. Both the

extend and retract time traces of a step input of approximately

10 volts are shown. The input voltage used was large enough to

insure that the maximum flow to the actuator was obtained from the

servovalves.

Table 25 lists the saturated extend and retract velocities for the

test Conditions 1 through 11 ( Condition 4 omitted). The test

results indicate negligible change from the values measured for

Configurations A and B. This is to be expected since the integ-

ration rate was significantly slower than the saturation velocity

of the actuator and would not be expected to effect the actuator

saturation velocity.

3.9.2.7 Linearity

Figure 116 shows the actuator output linearity measured for

Configuration C and Condition 1. The output linearity of the

mechanization is primarily determined by the position feedback

transducer used for the master channel. No change from the line-

arity of Configurations A and B is apparent. The linearity measured

for all operating conditions was essentially the same as that

shown on Figure 116 and was within 1% full scale.
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DYNAMI1C CONTROLS, INC.
Test Data

Date
TEST ITEM - Grumman - Bertea Unit Prepared 4/25~/79

Configuration C

TEST - Saturation Velocity -Condition 1.

Extend Retract

and Ohio Pirirted in U SA

7 '-in

...~ .

.. .... . ..

*j ~ ..~- .- ou ..

Maximum Amplitude Step Input

Scale: Input = 0.200 v/div

X = 0.013 in/div
.) 11t

t = 200 div/sec

F IGU RE 115 S a tu ra t on V e 1oc it Y - Condition 1
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TABLE 25

Saturation Velocity

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - Bertea Unit

Configuration C

TEST - SATURATION VELOCITY

Test

Condition

Extend - in./sec. Retract - in./sec.

1 2.60 2.74

2 2.60 2.45

3 2.32 2.22

4

5 2.00 2.14

6 2.81 2.60

7 2.60 2.74

8 2.54 2.74

9 2.74 2.67

10 2.48 2.60

11 2.43 2.45
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3.9.2.8 Step Response

Figures 117 through 121 show the extend and retract step response

measurements for Conditions 1 through 11 (Condition 4 omitted).

The input level used for the measurements was large enough

to saturate the servovalves until the actuator output moves 50%

of the total movement in response to the command step. During

the first 50% of the movement, the actuator moved at a saturated

rate. The remaining 50% of the movement as shown on Figures 117

through 121 is unsaturated and indicates the transient response

of the configuration.

The results indicated by the step response measurements are

similar to those measured on both Configurations A and B

and are consistent with the frequency response test results for

the same test conditions. The integrators used for Configuration

C have no apparent effect on the unloaded step response of the

mechanization. This is consistent with the relative rates

of the actuator and the integrators. The integrators modify

the long term position of the control channels while the step

response is a relatively short term characteristic.
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration C Prepared__4/30/79

TEST - Step Response -Conditions 1 & 2

Extend Ret ract
F-~~-F 7- :

717 1 in

---- 1--H7 4_

h± -4 f Condition 1 1 -

4% F.S. OutputIA

Tjj~ out .

Scales:

t ~ E i = 0.020 v/div

X ot= 0.00133 in/div

~ ~lt = 200 div/sec 7_

E.

ina

4 4-- Condition 2F ~ ~4% F.S. Output h

out

FIGURE 117 Step Response -Conditions 1 & 2
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration C Prepared__4/30/79

TEST - Step Response -Conditions 3 & 5

Extend Retract

L117
7- E, 7

-4-

~4 --+ 4 + + +Con itio 3E
N 7L inFS Otu

-w 7 -

..... .....

0.001ion3i/v>Vi~ ~ 4 F.S tOu20tdv/ect

I7 7 77J :iI
* <~ C. T*' 74

-% . KV
EwV

K' <H loutf4[
I~. ... .... .I I l i 1 i .. ..

EIGURE ~ ~ ~ ~ 7 11 StpRepns-:Cnitos.

Scales
t Ein 0.2225di

.1~~ ~ ~ ~ ~ =__ _ _ _ _ _ _ _ _ _ _ _ _ _ 0_0013_ _ _ _ _



DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration C Prepared_4/30/79

TEST - Step Response -Conditions 6 & 7

Ext end Retract

E.
in

- -4 1- 4 Condition 6 H--+-+ - 44

- 47 -

-I T* %FSOtu .t:

24LL t .. 0.013 indi.

t E in = 0t20 iv/sec t{ J

E.

--- ---- --

4 ~4 1 Condition 7 ---- 4-1 I+{ 4% F.S. Output FT

out L- iI T -
FIGURE 119 Step Response -Conditions 6 & 7
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date
Configuration C Prepared 4/30/79

TEST - Step Response -Conditions 8 & 9

Extend Retract

tE.___I _in

7 'I

±± - 4--1--- Condition 8 ~ t - # 4 -
4% F.S. Output 77.V

v b X

Scales:
E. = 0.020 v/div

t ~in

F: it = 0.00133 in/di-ot200 div/sepi

~~-ou 1-e-c-i I
fji~1J L

1I 4.4 4-4 4 -4------ A----i---+- - 4
! i j i iI Condition 9 11 V217-:1

7 4% F.S. Output

out

I~ j

FIGURE 120 Step Response -Conditions 8 & 9
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea. Unit Date
Configuration C Prepared 4/30/79

TEST - Step Response -Conditions 10 & 11

Extend Retract

ini

Condition 10 -tII

4% F.S. Output

x
:L out

Scales:

tE i 0.020 v/divt
t 0.00133 in/div

ot 200 div/sec -- T4 74

in 7-, iii
- + - -- 444-

r Condition 1
4% F.S. Output .........

{II' T T4-
FIGURE 121 Step Response -Conditions 10 & 11
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3.9.3 Failure Transients

Test Conditions 12 through 27 were used to establish the failure

transient characteristics of Configuration C. The test results

and the test conditions are arranged in the following order:

TEST Test Conditions

Elect-:ical Input Loss Transient 12 13, 14, 15

Electrical Hardover Input Transient
(with actuator initially at rest) 16, 17, 18, 19, 20, 21

Electrical Hardover Input Transient
(with actuator initially cycling) 22, 23

Simultaneous Hardover Input Transient 24, 25

Slowover Electrical Input Transient 26, 27

The test results in the following sub-sections are presented as

listed above.

3.9.3.1 Electrical Input Loss Transient

Figures 122 and 123 show the effect of a sequential channel input

loss with the actuator initially commanded to a 50% of maxiinum

position away from null. Figure 122 is the failure transient

for the extend bias position. The output deviation for the first
failure is .71% of the total actuator stroke. After depressurization
of channel 1 (the master channel) and changing of the force limit

of channel 4 to 100%, the null offset of the system output is

.23% of the total actuator stroke. This initial deviation is

larger than that measured for Configurations A and B for the same

tust condition. Configuration A incurred a .32% deviation and

Cufiguration B incurred a .63% deviation.

229



DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration C Prepared 6/11/79

TEST - Failure Transients - Condition 12

t

ruetSystems Division CI r

4 ---- 4-4--4 41- -4---+-+----+-4---+--1 -- f4--+ -4---f-- V-4~4

-- E Ch 2 -

4--4 - -4 -44- 1+~7 ~~i ~! 4-

E Ch 3 I.

--- 4 4 4 - 4 - 1-+ -4- 4- -- + -4--+-4 -4 4 + - 4-4--4------4--+- --

N -n

vj- out TFT

4 ----- -4- + - 1 4- --- 4 -1 4- -I--- + -4 -4 -~ f-4

11 Fai Indicate HILt L + V

Scale: E in = 1.000 v/div

xout 0.0013 in/div

t =20 div/sec

FIGURE 122 Failure Transients - Condition 12
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration C Prepared_ 6/11/79

TEST - Failure Transients - Condition 13

Gould lncwveiand. Ohio Printed in I

E. Chi1
in________________

4 4 -- 4 - t -- - -
4

----- t-i 4-+ + r

in Ch 2 47ZL. Kl1

-I ' il - _J
Ii Y 4 {--+-j __4

*-E. Ch 3 ;.t. .. ....in A IH -1 ----
--+-4 -4- 1- -4 - F - 4 4 4 - + 4 -4 -+-- + - 4----

-4 4 44--- -+t----1-4 -4-I +-4-I- J4 -- 4 -- 4-~ I 4

I:~t 1tL

P'ail Indica teV~ t K 7{- ± p -

Scale: E in 1.000 v/div

Xou 0.0013 In/div

t = 20 div/sec

FIGURE 123 Failure Transients - Condition 13
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The output deviation for the second failure (channel 2) is

1.20% of the total actuator stroke. After depressurization of

channel 2 and the transfer of the master channel role to channel

3, the null offset of the system is .10% of the total actuator

stroke. As with the first failure, the failure transient

is larger than that encountered with Configuration A and B.

Configuration A incurred a .32% deviation and Configuration B

incurred a .81% deviation. The deviation of the actuator

upon a third failure for Configuration C is 1.50% of the total

actuator stroke. The comparable deviation of Configuration A

was .68% and of Configuration B was .92%. As with Configuration

A and B, the Configuration C failure logic arbitrarily selected

channel 3 (the channel with the input loss) for depressurization

as a failed channel. The transient measured for the third

failure is the deviation of the system output before depressuriza-

tion of channel 3 and represents the deviation which would occur

if the failure logic was prevented from the third channel de-

pressurization. This approach to the failure logic (no

depressurization after 2 failures) would prevent the hardover

output that would occur if the logic depressurized arbitrarily

the channel with a "good" input.

Figure 123 shows the effect of the sequential channel input loss

with the actuator commanded to a 50% maximum retract stroke.

The output transient for the first failure is .35% of the total

actuator stroke. This compares favorably with the .32% deviation

of Configuration A and the .65% deviation for Configuration B.

The output deviation for the second input loss failure is .35%

of the maximum actuator stroke. This is similar to the .32%

deviation for Configuration A and the .30% deviation measured

with Configuration B.

2
232



The output deviation for the third input failure is .45% of the

full actuator stroke. This is less than the deviation of .79%

measured for Configuration A and .75% measured for Configuration

B and the same test condition.

The deviation experienced with Configuration C for some test

conditions was expected to be somewhat greater than that of

Configuration A and B for some test conditions. The test results

measured for the input loss failures with the initial extend

positions agreed with the anticipated results.

Figure 124 shows the effect of sequentially grounding the inputs

to channels 1, 2 and 3 with the system operating at a frequency of

10 Hz at a maximum unsaturated input amplitude. At this operating

condition, the failure logic does not detect a failure and de-

pressurize the failed channel. The failure logic does not pass

the 10 Hz signal to the voting portion of the logic. Therefore,

the failure logic does not see loss of the 10 Hz input signal

as a failure. The test results for this failure condition are

similar to that experienced with Configurations A and B. The net

effect of the failures is that the output amplitude of the system

decreases with each additional failure. This is because the

control channels with the grounded inputs fight the channels with

the 10 Hz input commands.

The addition of the integrators was not expected to effect the test

results for this test condition. The measured results agree with

the anticipated results.

233

WI ~-



DAICCON IRC'.S , INC.
Tes;t T;ita

TEST ITEM - &-ruwnrr - Fertea Unit Date

Conf gnr iti n ~Prepared 6/12/79

TEST - Fai lure I rarnsients -Condition 14

BRUSH ACCUCHAit Systems 0

E. Chi1

7___- 77h--:-

+ -4 t -4 - 4 - 4 1 -4 -+ -

E - Ch 2... .2.. .v

.T~ -

FailI Indcat No Failure

23-4



Figure 125 shows the effect of simultaneous grounding of two

input channels with the actuator cycling at 10 Hz at an amplitude

of * 1.67 of the maximum actuatm- stroke. The failure, are :et

detectLd ad the output amplitud, ef the actuator is reduced

to 38% of .he "no failure" aplitude. The failure logic does

not sense the failed coudition, so the four channels simply

force sum. The channels with grounded inputs fight the channels

with the lU dz input. This result is the same as encountereL

with Configuration A. This test was not conducted on Configur tion

B.

3.9.3.2 Ta,'oiver Input Transient

Figure 126 it .s the effect of a positive 10 volt step applied

s quentially t- channels 1, 2 and 3. The failure logic detects

the failures anu :- approximately .85 seconds after each hard-

over the system outr it establishes a new position. The output

deviation resulting from the first hardover channel input is a

steady state null e,;:rset which is .5% of the total actuator

stroke. This ;- uirger than the .45% deviation for Configuration

B and similar to the .5.57 dcviation for Configuration A. The

second hardover inep teto hannel 2 produces an output duviation

of .5% of the total actuat, x ,.(.ke. This is less than the .5"

deviation of Configuration .and more than the .3% deviation of

Configuration B. The third hardover input (into channel 3)

produces an output deviation of .4% of the maximum actuator

stroke. [his is less than the .65% deviation of Configuration B

and the .79% deviation of Configuration A.
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Figure 127 shows the actuator deviations for a negative 10 volt

input sequentially applied to channel 1, 2 and 3 inputs. The

actuator deviation for the first hardover input into channel 1

causes an output position change of .97% of the total actuator

stroke. As with the positive hardover input failures, the

failure is detected after approximately .85 seconds and channel

1 depressurized and the master channel role moved to channel

2. This deviation is greater than the .6% deviation measured

on Configuration B and the .37% deviation measured on Config-

uration A.

The second input hardover into channel 2 causes an output deviation

of 1.10% of the maximum actuator stroke. This is greater than

the output deviation of 1.0% for Configuration B and the .79%

output deviation for Configuration A. The third hardover input

into channel 3 causes an output deviation of 1.50% of the total

actuator stroke. Again this is larger than the .79% deviation

for Configuration A and the 1.0% deviation of Configuration B.

The hardover input failures cause slightly greater output

deviation for Configuration C than either Configuration A or

B. This is probably due to the operating point of the integ-

rating channels requiring slightly greater output changes for

force balancing than with Configuration A and B.

Figure 128 shows the actuator deviations for a hardover input

of 4lOvolts sequentially applied to channels 1, 2 and 3 with the

system initially biased to a 50% extend position. The actuator

output deviation for the first hardover input into channel 1 is

.61% of the total actuator stroke. The null offset after

this particular hardover input is .55% of the total actuator

stroke and reflects the change in the force balince p1,.ition

before and after the input failure applied and detected as a

failure. The deviation itself is somewhat larget than the .42% of

Configuration A and .4% of Configuration B for the same test condition.
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The deviation with the channel 2 hardover input is .55% of the

maximum actuator stroke and compares favorably with the .4%

for Configuration A and .5% for Configuration B. The third

hardover input failure into channel 3 produces an output

deviation of .43% which is less than the .79% of Configuration

A and 1.0% of Configuration B.

Figure 129 shows the actuator deviations for a hardover input of

-10 volts sequentially applied to channels 1, 2 and 3 with the

system biased to a 50% extend position. The actuator output

deviation with the first failure input into channel I is .79% of

the total actuator stroke. This is greater than the .4% of

Configuration A and the same as the .7% deviation of Configuration B.

The second input failure produced an output deviation of 1.15% of

the total actuator stroke which is considerably greater than the

.6% deviation measured previously on Configuration A and B. The

third input failure into channel three produced an output deviation

of 1.53%. The same test conditions for Configuration A and B

produced a deviation of .58 and 1.1% respectively.

As with the previous hardover input tests, the use of the integ-

ration for the equalizers produces greater output deviations of

the system upon hardover input failures than the system with the

equalizer alone or disconnected. The magnitude of the output

deviation is not affected by the input bias required to extend

the actuator output to 50% of the maximum stroke.
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Figure 130 shows the output deviation of Configuration C with

a + 10 volt hardover input sequentially applied to channels

1, 2 and 3 with the system biased to a 50% retract position. The

output deviation for the first failure input into channel 1 is

.40% of the maximum actuator stroke. This is less than the .79%

measured on Configuration B and more than the .32% measured on

Configuration B and more than the .32% measured on Configuration

A. The second hardover input failure into channel 2 produced an

output deviation of .35% of the full actuator output stroke. This

is comparable to the .3% measured on both Configuration A and B.

The third input failure into channel three produced an output

deviation of .45% which is less than the .7% measured for Config-

uration A and greater than the .4% deviation measured on Config-

uration B.

Figure 131 shows the effects of the sequential application of

a - 10 volt input applied to channels 1, 2 and 3 with the system

biased to a 50% retract position. The output deviations are

larger than that measured for the same bias condition and a

+ 10 volt hardover input. For the first input failure, the

output deviation is 1.09% of the maximum actuator stroke. This

is considerably greater than the .47% measured on Configuration A

and the .79% measured on Configuration B. The second input failure

produced an output deviation of 1.30% of the maximum actuator

stroke. This is comparable to the 1.2% deviation measured on

Configuration B and larger than the .63% measured on Configuration

A. The output deviation of 1.65% for Configuration C with the third

failure is less than the 2% ieviation measured on Configuration B

and greater than the .58% deviation measured un Configuration A.
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Figures 132 and 133 show the effect on the system output of

+ 10 volt and - 10 volt hardover inputs sequentially applied

to channels 1, 2 and 3 with the system operating at 10 Hz with

the maximum unsaturated amplitude. Figure 132 shows the effect

of the + 10 volt hardover inputs and Figure 133 shows the effect

of the - 10 volt inputs. In both cases the hardover failures are

detected and the channel with the failure depressurized. The

effect on the system output is a null shift with each failure.

For the third failure input into channel 3, the + 10 volt input

causes a loss of the 10 Hz output for .85 seconds and then the

actuator output continues. For the - 10 volt 3rd failure input

into channel 3, the actuator output deviates 4.7% of the maximum

actuator stroke and does not respond to the 10 Hz input. The

operation of the system with a third failure is of minor interest

only, since the system is designed to continue to operate only

after two failures, not three.

The test results shown on Figure 132 and 133 are similar to

those measured on Configuration A and B. The operation of the

integrators on the equalizer outputs does not affect the

operation of the system for this test condition as compared

to the system with the equalizers only or with the equalizers

disconnected.

3.9.3.3 Simultaneous Hardover Input Failure Transient

Figure 134 shows the effect of hardover inputs applied simultaneously

to channels I and 2 with the system at null. The effect of the

hardover inputs is to cause the output of the system to move to a

position 10.04% of the maximum actuator stroke away from the null

position. The failure logic activates but does not latch. The
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fact that the output of the system does not go completely

hardover indicates that the force capability of channel 4 has

been increased to 100% so that channels 1 and 2 are offset in

force output by channels 3 and 4.

Figures 135 shows the effect of applying a hardover input

simultaneously to channels 1 and 2 with the actuator cycling at

10 Hz at a maximum unsaturated amplitude. Upon application of

the hardover inputs, the actuator output stops showing a response

to the 10 Hz input and moves to a position displaced from null

12.56% of the total actuator stroke. This result is similar to

that obtained for Configuration A and B with the position dis-

placement being larger (12.56% compared to 1.95% for Configuration

A and 4.7% for Configuration B) and taking a longer time to reach.

No failure is indicated by the failure logic. The position limit

(as experienced with Configuration A) was unanticipated. The

two channels opposing the hardover input channels do not have

the same total force capability as the hardover channels, since

channel 4 is limited to 50% force output until the failure logic

detects a failure.

3.9.3.4 Slowover Input Transient

Figure 136 shows the effect of an extend slowover ramp of .4

volts/second applied to the input of channel 1. The maximum

amplitude of the input is -.80 volts which is apparently not

enough to cause the failure logic to vote a failure. A failure

is voted at a +.45 volts for the retract polarity of the input.

The output deviation for the test condition (retract or extend) is

.50% of the maximum actuator stroke.
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Figure 137 shows the effect of a subsequent ramp input into

channel 2 with channel I voted as failed. As with the failure

ramp input applied first to channel 1, the extend polarity of the

ramp does not cause the failure logic to vote a failure. The

ramp input causes a failure to be detected at +.45 volts (a

retract input polarity). The maximum deviation of the actuator

output is .40% of the total actuator stroke.

Figure 138 shows the effect of the third extend ramp input

failure applied to channel 3. The input amplitude is limited

to -.80 volts. As with the same input applied to channels

1 and 2, the input does not cause a failure to be detected. The

retract input of .60 volts does cause a failure to be voted. The

output of the actuator deviates .55% of the maximum actuator stroke.

Figures 139, 140 and 141 show the effect of a retract input ramp

applied sequentially to channels 1, 2 and 3. The results are

similar to those shown on Figures 136, 137 and 138, since the

retract input (rather than the extend) caused a failure to be

voted on those figures.

The output deviations for the first retract input failure into

channel I is .50% of the maximum actuator stroke. This deviation

is similar to the .49% for Configuration A and the .42% for

Configuration C.

The output deviation for the second failure into channel 2 is

.35% of the maximum actuator stroke. This is less than the

deviation of .49% for Configuration A and .89% for Configuration

B.

The output deviation for the third retract ramp input failure is

.55% of the maximum actuator stroke and is less than that measured

for Configurations A and B. The deviation for Configuration A was

.88% and the deviation for Configuration B was .89%
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Figures 142 through 144 show the effect of applying a 0 to

+ I volt ramp at .4 volts/sec to channels 1, 2 and 3 sequentially

with the system operating at 10 Hz and the maximum unsaturated

amplitude. For the first two slowover input failures, as

shown on Figures 142 and 143, the failure logic detects the

ramp input as a failure. For the third ramp input applied

to channel 3 (as shown on Figure 144), the failure logic does

not latch, although the failure indicate for channel 3 does

trip.

Figures 145 through 147 show the effect of applying a 0 to - 1

volt ramp at .4 volts/sec to channels 1, 2 and 3 sequentially

with the system operating at 10 Hz at maximum unsaturated

amplitude. The results are similar to those measured for

the 0 to + 1 volt ramp. The failure logic identifies a channel

4 failure for the third failure input but does not latch. The

first two failure inputs into channels 1 and 2 are detected

correctly and the corresponding channel depressurized. The

slowover input causes a null shift of the system output until

the failed channel is depressurized. For the third failure

input, the output of the actuator deviates until the deviation

causes the remaining channel (without the ramp input) to force

offset the failed channel. The force offsetting prevents the

system output from responding to the 10 Hz input.

These results are similar to those measured on Configurations A

and B and indicate that the equalizer integrators do not affect

the failure detection for the test condition used.
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TEST ITEM - Grumman - Bertea Unit Date

Configuration C Prepared b/12/79

TEST - Failure Transients Condition 27 (3 Chs. Extend)

-. - ' Scale: E .100 v/div

--- -- -- --- -- -- X =0.033 in/div
j 1: A I ..out

t 20 div/sec

Ch 1

4- 14-1----4 -1--+--+--1 -- 1-1.

Ch 2-

1 4 --+ -

E Ch 3:

1-4 4

Li

4 -4- -

-~Fail Indicate Ch 4 .. 1 1

FIGURE 147 Failure Transients - Condition 27 (3 Chs. Extend)
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TABLE 26

Failure Detection Level - Static

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 6/29/79

TEST ITEM - Grumman - Bertea Unit

Configuration C

TEST - Failure Detection Level - Static

Fail Voltage
Test

Cond tionChannel
Condition Extend Retract

1 1 -0.900 +0.500

1 2 -0.600 +1.150

1 3 -0.500 +0.500

1 4 -0.450 +0.400
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3.9.4 Failure Logic Detection Characteristics

3.9.4.1 General

This section described the results of testing conducted to estab-

lish the failure detection characteristics of Configuration C.

The failure amplitude and time delay duration are the same as

used for Configuration A and B. The test results present both

the static detection level for each channel and the highest

frequency at which an input amplitude of 110% of the static detec-

tion level is detected by the failure logic and causes the

particular channel to be depressurized.

3.9.4.2 Specific

Figures 148 through 151 show the data taken to establish the

failure detection level for channels 1, 2, 3 and 4 while the

other channel inputs are grounded. The amplitude of the input at

channel failure indication is taken as the failure detection level.

Table 26 lists the extend and retract direction failure detection

input voltages for each channel of Configuration C. As with

Configuration A and B, the channel 4 failure detection level is

lower than that of the other 3 channels. The failure detection

level itself is similar to that of Configuration B in terms of

the sum of the retract and extend input voltage for each channel.

The individual retract and extend voltages vary somewhat from

those measured in Configuration B. The total failure voltage

(sum of the retract and extend voltages) are the same as Con-

figuration B (1.4 vs. 1.45) for channel i and greater than

Configuration B for channel 2 (1.75 vs 1.30 volts). Channel 3's

failure voltage total is 1.00 volt compared to Configuration B's

1.20 volts. Channel 4's failure voltage for both Configuration B

and C is essentially the same (.85 vs .80 volts). These results
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indicate that the equalizer integration does affect the failure

detection levels slightly. However, the effect is that of

shifting the offset positions of the individual channels rather

than an increase in the failure detection total voltages. As

with Configuration B, the failure detection level of Configuration

B is approximately twice that of Configuration A, due to the

operation of the equalizer circuits.

Figure 152 shows the data taken to establish the dynamic failure

detection capability of channel 2 for Configuration C. As shown

on Figure 152, the frequency of the input signal is reduced with

increasing time until the fail indicate output latches. This

frequency is the lowest frequency that a peak to peak input of

110% of the static failure level input will cause the failure logic

to trip and latch. Table 27 lists the highest frequency at which

the failure logic votes a failure for a particular channel. The

dynamic failure level frequencies are similar to those obtained

for Configuration B, indicating that the integration of the

equalizer outputs has little effect upon the dynamic failure

detection capability of Configuration C.
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DYNAMIC CONTROLS, INC.

Test Data

TEST ITEM - Grumman -Bertea Unit Date
Configuration C Prepared 6/14/79

TEST - Failure Detection Level -Static -Ch 1

r'L 1LL I A1 AL LIA1- .LL1L A

t Scale: E. =0.100 v/div
-- X 0.0007 in/div

t =2 div/sec

L I

out4-

F -F

Fail Indicatej.*

FIGURE 148 Failure Detection Level -Static -Ch 1
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman -Bertea Unit Dt

Configuration C Prepared 6/14/79

TEST - Failure Detection Level -Static -Ch 2

~ ~ ,.Cleveland Ohio Prin
___________________________________________ ~A4A -.-- .L.~.. ~ A

iF7

A-I E. Ch 2
in

-7-
outL

f i 4 4 -+--4-4--+- 4 -- 4-

If.. T.IL 1L . Inict L.. 7-1-

X 0-000 -n/-i
out

FIGUR 14FaieDeetonLvl -- Staic L
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DYNAMIC CONTROLS, INC.

Test Data

TEST ITEM - Grumman - Bertea Unit Date 6/47
Configuration C Prepared_/47

TEST - Failure Detection Level -Static - Ch 3

,9Pj1LA1~~ L1J-=" ACCUCHART

E. Ch 3
____ in

L-j
-1

A - --- -- L

Out

T I- r 7---7

-- - Fail VF 3

I t T:Indicate

Extend Retract

Scale: E i 0.100 v/div

X u 0.0007 in/sec

t = 2 div/sec

FIGURE 150 Failure Detection Level - Static - Ch 3
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DYNAMIIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - Bertea Unit Date

Configuration C Prepared 6/14/79

TEST - Failure Detection Level -Static - Ch 4

. ~~Scale: E. C.0v/i
Ch 4 = C.10 v/di

X 0.0013 in/div

t =2 div/sec

out

F F>

L4 t

;Fail1 Indicate

FIGURE 151 Failure Detection Level -Static -Ch 4
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grur-.an - Bertea Unit Praed /87

Configuration C Peae /87

TEST - Failure Detection Level -Dynamic -Ch 2

- t

E. Ch 2
in

-~out -- - ------

0.7 Hz- 0.6Hz -- 7 7

F
2

wtrv~u1l[n~lul pn1L uu
Fail Inclicate

Scale: E in =0.100 v/div

xout =0.0013 in/div

t =5 div/sec

FIGUiRE 152 Failure Detection Level - Dynamic -Ch 2
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TABLE 27

Failure Detection Level - Dynamic

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 6/29179

TEST iTEM - Grumman - Bertea Unit

Configuration C

TEST - Failure Detection Level - Dynamic

Test Channel Fail Hz
Condition

1 1 0.8

1 2 0.6

1 3 0.6

1 4 0.9
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4 .0 EVALUATION SUMMARY FOR THE FORCE SHARING MECHANIZATIONS

As tested, the mechanization performs the intended function of

y-oviding a "two failure" tolerant redundancy mechanization. This

is true of all three configurations evaluated. Third failure

effects were measured and indicated in the test data. However,

the failure logic was not designed to correctly detect the

third failures and did not in many cases.

The effect of the pressure equalizer operation on the basic

force sharing system was to increase the input mismatch

tolerance of the system without changing the output amplitude

transient upon failure detection. The effect of using integra-

tors with the pressure equalizers did improve the static

threshold of the mechanization compared to the configuration

with "non-integrated" equalizer outputs. However, the

threshold of the basic force sharing system was better for most

test conditions than either of the equalized systems.

The frequency response characteristics of the mechanization for

all test conditions remained quite constant, a desirable

characteristic. Typical output amplitude deviations for slow or

hardover failures remained below 1% of the total actuator stroke.

The negative aspects of the configuration evaluated are the

high threshold levels compared to a normal electrohydraulic

control actuator and the limited dynamic range of the failure

detection mechanization. The threshold is probably an inherent

penalty of using low pressure gain control valves required by

the force sharing mechanization. The failure logic dynamic response

characteristics could probably be improved by a careful rcdesiyn.
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5. ACTIVE/ON-LINE FBW SYSTEM EVALUATION

5.1 Introduction

The active/on-line configuration evaluation was a three-channel second-

ary electrohydraulic configuration developed by the Natioral Water

Lift Company of Kalamazoo, Michigan. The configuration was designed

as a development tool and prc ided flexibility of the failure de-

tection levels and control element gains used with the control actuator.

Figures 153 and 154 show the two principle components of the demon-

strator. Figure 153 shows the control actuator section of the

demonstrator. This section consisted of three actuators connected

in parallel to a common output link. Figure 154 shows the front

panel of the electronics console used with the actuator section of the

demonstrator. The console front panel included test points and relay

control switches to allow convenient changing of the test conditions

for the demonstrator. Although the demonstrator could also have

been operated in an active/standby configuration or a force sharing

system configuration, only the active/on-line configuration was

evaluated.

In evaluating the mechanization for specific failures, no attempt

was made to create internal failures in either the control electronics

or the actuator. The failures simulated were created by failing the

inputs to the demonstrator. These inputs were both the electrical

control and hydraulic power inputs. These failures do not address

directly internal failure modes possible within the particular

;echanization. It was assumed that common mode failures were

not part of the mechanization design and that the effect of internal

failures of a control channel fall within the extremes of the hard-

over and slowover input failures used for the evaluation testing.

276

0~t



p Io

27-1

I 

1

A - - - - -,---- -~277



.us. w~.toe x

A~

FIGUE 14 Cotro EletroicsSecton Actve/n-Lie Sste

278RAI1 '

a ' n . - e - - -- -- ~ * . . t ~ - - E - - ~ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-O w



The active/on-line demonstrator was designed to represent the secondary

actuator approach to a FBW mechanization. The output of the demon-

strator would normally be connected as an input to the power actuator

driving a control surface.

5.2 Hardware Description

The actuator package for the active/on-line configuration is an

electrohydraulic three channel configuration. Only one channel

at a time is allowed to provide the output force for the actuator

section. This is accomplished by using selectively switched nega-

tive pressure feedback around the "on-line" channels of the con-

figuration to prevent the channels from causing a force fight with

the active channel. This potentially eliminates the threshold problems

encountered with force sharing systems and allows using high pressure

gain two stage electrohydraulic control valves which can provide

low threshold for the system.

In the event of a control channel failure, the failure logic

assigns the "active" channel roll to a correctly operating channel

and bypasses the failed channel. Figure 155 is a block diagram

schematic of one of the control channels of the demonstrator unit.

Note that each channel requires two input control voltages, one

for a command channel and one for a model of the command channel. The

control channel also uses two position feedback transducers for

the output actuator motion, one for the command and one for the model

section of the control channel. Input and position feedback failures

are detected by comparator K4 shown on Figure 155. The command and

model input signals are averaged downstream of the comparator K4

and connected to the servoamplifiers for the command and model sections.

As shown on Figure 155, a second failure detection section is used to

detect servovalve and servoamplifier failures. This section, con-

sisting of comparator K1 and a latch, compares the output of a position

transducer connected to the command section servovalve spool and the

output of a second order filter used as a model for the servovalve.
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Note on Figure 155 the load differential pressure control block, the

output of which is switched by the sequencer. This is the negative

pressure feedback that is used to effectively eliminate the output

force capability of a control channel and place it in the "on-line"

operational mode. The output signal of the load differential pressure

block is passed through a low pass or "lag" filter and an amplitude

limiter. The low pass filter prevents the pressure feedback loop

from beitg effective in eliminating the force output of the control

channel at high frequencies. The limiter prevents the feedback path

from operating at high differential pressures. This retains some

of the advantages of a force fighting system in terms of the ability

of the correctly operating control channels to force offset and

prevent the hardover output of an active channel with a hardover

input failure.

As shown on Figure 155, a failure sequencer is required to determine

the operational mode of each control channel. The information used

as an input to the sequencer is the failure logic outputs for the

particular channel sequencer and the logic output of the other two

channels. Note that the failure logic requires no cross channel

monitoring and comparison in order to determine control channel

component or input failures, but does require that the sequencer

interconnect the control channels for correct operating status.

To disconnect a failed channel, a solenoid operated bypass and

shutoff valve is used with the servovalve of each control channel.

Upon solenoid de-energization or loss of system pressure, the

solenoid valve interconnects the control ports of the servovalve to

return and blocks the system pressure to the electrohydraulic

servovalve.

To allow the control actuators to withstand backdriving by the

other control channels without damage, the actuators incorporate
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spring-loaded relief valves that interconnect the cyclinder ports

if the actuator differential pressure exceeds 3600 psi.

The servovalves used with the demonstration unit are two-stage

flapper/nozzle electrohydraulic units manufactured by Hydraulic

Research, a division of Textron, Inc. The valves are +8 ma, 1000

ohm coil, valves with a flow rating of .45 GPM and a pressure

gain of 4000 to 8000 psi/ma. The servovalves incorporate position

LVDTs to measure the position of the second stage valve spool.

Each channel is equipped with a differential pressure trans-

ducer to sense the difference between supply and return

pressures. The signal from this transducer is used to initiate

failure shutdowns upon the loss of hydraulic supply pressure.

The hydraulic failure detection capability is required for

the configuration since hydraulic failures of an active channel

will create an open loop condition for the system, since

the on-line channels do not contribute to the force output of

the system.

The demonstrator actuator of the system weighed approximately

45 lbs and measured 13 x 10 x 9 inches. The actuator was

equipped with k inch pressure and return lines and used standard

MS fittings. The system was designed for a supply pressure

of 3000 psi and MIL-H-5606 hydraulic fluid. The specific sizing

larameters for the actuator portion of each channel were:

.2

Actuator Drive Area .34 in

Actuator Stroke + .75 in

Summing Link Output +1.00 in

Maximum Actuator Flow .44 GPM
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5.3 Operational Description

The active/on-line configuration uses three actuator channels, one

in an "active" mode and the other two in an "on-line" mode. The

particular mode selection for a particular channel is arbitrary.

Sne on-line channels are pressurized but do not contribute to

the force output of the system during low frequency input or steady

state operation.

The on-line operation of two control channels is accomplished with

the pressure feedback inner loops used for those channels. On-line

channel dynamic load sharing (and high load conditions) is provided

by the use of a low pass or lag filter in the pressure feedback loop

and the use of amplitude limits for the feedback signal. Since the

negative pressure feedback signal is attenuated with increasing

frequency of the signal, the on-line channels assist in driving the

system output at input frequencies above the pressure feedback

rolloff frequency. The amplitude limits of the pressure feedback

signal prevent the pressure feedback from operating above differential

pressure of approximately 750 psi. This allows the on-line channels

to force offset large channel mismatches while accepting small mis-

-atches without performance degradation.

In the active channel the pressure feedback loop is open, allowing

that channel to full-force output in controlling the actuator's

position. Since a high pressure gain valve is used, the operational

characteristics of the channel (and system) are similar to a non-

redundant electro-hydraulic secondary actuator in terms of threshold

and frequency response.

The logic electronics utilize a sequencing network which (as

provided for the demonstrator) is non-redundant and susceptible

to single point failures. For a flight qualified system,
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the sequencer would require incorporation of redundancy to

prevent single point failure from disabling the circuit and

the failure mode sequencing of the control channels. The failure

logic also incorporates failure signal latching to retain the

failure declaration until the logic is manually reset.

Figure 156 is a block diagram of a control channel with the

values for the gain and control elements used for the demon-

strator testing. The parameters used for the general system

evaluation are:

Operating Pressure 3000 PSI

Maximum Actuator Stroke +.600 inches

Nominal Position Loop Gain 125 radians/sec

Failure Detection Level 10% of the maximum
(Input Failures) input voltage

Maximum Input Control Voltage + 10 volts

Servovalve Failure Detection + 40% of the maximum
Level spool stroke

The selection of the particular loop gain used was made in order

to keep the nominal response of the system the same as that for

previously evaluated systems (and the same as that used for th

force sharing mechanization also evaluated in this report).

In addition to the parameter valuec indicated on Figure 156,

the following performance settings w,.re usud:

Servovalve and Model Comparator

Time Delay .050 sec.

Input Coiparator Tim! Delay .025 sec.

Input Comparator Reset Time .010 sec.

Pressure Feedback Lag Time Constant 5.0 sec.
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The sequencer would require incorporation of redundancy to

prevent single point failure from disabling the circuit and

the failure mode sequencing of the control channels. The failure

logic also incorporates failure signal latching to retain the

failure declaration until the logic is manually reset.

Figure 156 is a block diagram of a control channel with the

values for the gain and control elements used for the demon-

strator testing. The parameters used for the general system

evaluation are:

Operating Pressure 3000 PSI

Maximum Actuator Stroke +.600 inches

Nominal Position Loop Gain 125 radians/sec

Failure Detection Level 10% of the maximum
(Input Failures) input voltage

Maximum Input Control Voltage + 10 volts

Servovalve Failure Detection + 40% of the maximum
Level spool stroke

The selection of the particular loop gain used was made in order

to keep the nominal response of the system the same as that for

previously evaluated systems (and the same as that used for the

force sharing mechanization also evaluated in this report). The

stroke for maximum position of the actuator was decreased below

the mechanical limits of the actuator. The stroke used as the

maximum position was + .600 inches, whi : the available mechani-

cal stroke was + 1.000 inches. The stro.e rcd;iction was made in

conjunction with the loop gain selection to allow operating

the test system at a 10% input cotmmarid I vel without rate

saturation. The 10% unsaturated co ;Lnand input is typical of many

flight control systems and is (with the exception of the Bertea

Force Sharing System) the same setup criteria previously used

for FBW system evaluation. The Bertea Force Sharing System

286

I



could not be adjusted to run at over 4% unsaturated command

settings without having the failure detection logic operate out

of its design range.

In addition to the parameter values indicated on Figure 156,

the following performance settings were used:

Servovalve and Model Comparator
Time Delay .050 sec.

Input Comparator Time Delay .025 sec.

Input Comparator Reset Time .010 sec.

Pressure Feedback Lag Time Constant 5.0 sec.

5.4 Specific Test Procedure - Active/On-Line System

Table 28 lists the 32 test conditions and the values used for

evaluating the active/on-line system. Test conditions of I through

II are the various operational modes of the system. For each

of these operational modes, the performance measurements des-

cribed previously in Section 2.2.1 of this report were used to

docuiient the performance characteristics. The other test condi-

tions correspond to the "Failure Effect on Performance" measure-

ments described in Section 2.2.2 and the "Input Deviations Effect"

measurements described in Section 2.2.3.

Test conditions 12 through 32 correspond to "Failure Removal

Transients" measurements described in Section 2.2.4. The test

conditions 12 through 27 state both the initial conditions and the

test used for creating the transient tondition.

Table 28 describes the various test conditions in terms of

control channels A, B and C. This is different channel labeling

thatn used previously with the Bertea system and was used simply

to agree with visible labeling of the actuator channels as

provided on the test system.
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TABLE 28

TEST CONDITIONS

Gruan - National Water Lift Unit

Test C ndition Test Condition Description

1 Baseline - all channels nulled, pressurized
(3000 psi) and operating correctly.

2 One channel (C 2 ) electrical failure.

3 Two channels (B1 & C 2 ) electrical failure.

4 One channel (B ) hydraulic failure.a

5 Two channels (Aa & C1 ) hydraulic failure.

6 One channel (A ) with negative offset to
active input (giased to 90% of trip level).

6a One channel (A ) with negative offset to
model input (biased to 90% of trip level).

7 One channel (A ) with positive offset
to active input (biased to 90% of trip level).

7a One .hannel (B ) with positive offset to
active input (iased to 90% of trip level)
and without /p compensation (via relay
#1i).

Two channels (A & B ) with negative oifsets
to active inputs (boih channels biased
negatively to 90% of trip level).

3a Two channels (B1 & C2 ) with positive offsets
to active inputs (biased to 90% of trip level)
and without Lp compensation (via relay #11).

9 Two channels (Aa & B ) with opposing offsets
to active inputs (cha-nel A biased positively
and channel B active input biased negatively
to 90% trip level).

*Subscripts: a - active, I - first backup, 2 - second backup
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TABLE 28 (cont'd)

TEST CONDITIONS

T7st Condition Test Condition Description

10 One channel (B ) with hydraulic pressure

reduced to 2OO psi.*

11 Two channels (A & C ) with hydraulic pressure
reduced to 2000 psi.

Baseline data will be recorded under the above conditions.

FAILURE TRANSIENTS

12 Positive hardover sequentially applied to
channels A , B & C command inputs with
other inputs ai nuli.

13 Positive hardover sequentially applied to
channels B , A &uC command inputs with
other input a~ null.

14 Positive hardover sequentially applied to
channels C , B & A command inputs with
other inputs al nuli.

15 Slowover + input sequentially applied to
channels A, B1 & C2 with other inputs at
null. 2

16 Slowover - input sequentially applied to
channels A ,B I & C2 with other inputs at
null. a2

17 Slowover + input sequentially applied to
channels Ba, A1 & C2 with other inputs
at null.

18 Slowover - input sequentially applied to
chadnels B a, A & C2 with other inputs at
null.

19 Slowover + input sequentially applied to
channels C , B & A2 with other inputs at

null.

20 Slowover - input sequentially applied
to charmels C a, BI & A2 wiLh other inputs
at null .

*Subscripts: a - active, 1 - first backup, 2 - second backup.
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TABLE 28 (cont'd)

TEST CONDITIONS

Test Condition Test Condition Description

FAILURE TRANSIENTS

21 Open coil failure of active path servovalve
sequentially applied to channels A a , B & C2
with system cycling at 1.0 iz.*

22 Open coil failvre of active path servovalve
sequentially a -lied to BI & C2 with system

cycling at 1.0 ..z.

23 Open coil of active path servovalve
sequentially applied to channels
B1' C2 & Aa with null input.

24 Open actuator position feedback of model
path sequentially applied to A., B & C2
with system cycling @ I Hz.

25 Open actuator position feedback of model
path sequentially applied to B & C2 with

system cycling @ I Hz.

26 Simultaneous grounding of inputs (command
and model) to channels A a B & C with
system operating at 10 Hz with maximum

unsaturated amplitude.

27 Simultaneous positive hardover inputs (+10V)
sequentially applied to the command and
model inputs of channels A , B1 & C2
with the system biased toO% extend.

28 Simultaneous negative hardover inputs
(-IOV) sequentially applied to the command
and model inputs of channels A a B & C21 2
with the system biased to 50% extend.

29 Simultaneous positive hardover inputs
(+OV) sequentially applied to the command

and model inputs of channels A, B. & C
with system operating at 10 Hz at maximum

unsaturated amplitude.

30 Simultaneous negative hardover inputs (-10V)
sequentially applied to the command and
model inputs of channels A a, B1 & C2 with
the system operating at 10 Hz at maximum

unsaturated amplitude.

KSubs,:ripts: a - active, 1 - first backup, 2 - second backup.
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5.5 Test Results

5.5.1 General

In order to reduce the volume of test data presented in this section,

the majority of the performance measurement data has been reduced

to tabulated form. Since the time response characteristics are

not well defined by listing just one or two characteristic

parameters, the step response measurements and the failure transient

measurements are presented graphically as recorded. The following

results are presented in tabulated form for Conditions I through

11.

1. Static Threshold

2. Dynamic Threshold

3. Frequency Response

4. Distortion

5. Hysteresis

6. Saturation Velocity

For these test results which have been reduced to table form, a

sample of the data recorded is included with each table. In

addition to the tabulated performance characteristics listed

above, linearity and extend and retract step responses for

Conditions I and 11 are presented as recorded in graphical form.

In presenting the measurements of threshold and hysteresis,

the results are given both in percent of the input for full

servovalve output flow. Presenting the percentage hysteresis in

terms of both these inputs describes the threshold and hysteresis

characteristics in terms which allow comparing different control

mechanizations independent of the actuator stroke sizing.
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The test results presented for the active/on-line mechanization

are presented in the following order:

1. Performance measurement for Conditions
1 through 11

2. Failure transients for Conditions
I through 11

3. Failure logic detection characteristics

5.5.2 Performance Measurements

5.5.2.1 Static Threshold

Figure 157 shows the data recorded in establishing the static

threshold for Condition 1. Note that the .1 Hz ramp input is

slowly increasing in amplitude with increasing time. The thres-

hold value is determined by the first input amplitude where the

actuator output starts to respond to the control input. The high

frequency noise content of the output signal is made up of

background noise picked up by the instrumentation lines to the

recorder. The edge of the noise shows the actuator responding

to the .1 Hz input ramp. Table 29 shows t'- static threshold values

measured for test Conditions 1 through 11.

From Table 29, it is apparent that the static threshold remains

below 4% of the input level for maximum flow from the servo-

valves. This is considerably better than that measured on the

Bertea Force Sharing System described previously in this report.

The threshold measurements above 3% of the input for maximum

flow from the servovalves occurred for test conditions 6a, 7a and

11. These test conditions correspond to two input offset con-

ditions (Conditions 6a and 7a) and a redutotion of hydraulic pressure

to two channels (Condition 11).
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DYNAMIIC CONTROLS, INC.

Test Data

Date
TEST ITEM - Cruimnan - National Water Lift Unit Prepared 4/24/79

TEST - Static Threshold - Condition 1

UCHART Gould Inc., Instrument Systems Division Cleveland Ohio Priried
4~.~~.4ALI . - I J 114 I-ILLJ I4 4 4 - ~ ~ L L LT"- A-4, L~4 IA-

w: -w-

0.1 H RampIopt

FIGURE157 Sttic Theshold-jCondtion
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TABLE 29

Static Threshold

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - National Water Lift Unit

TEST - STATIC THRESHOLD

Test Static Threshold

Condition Input Volts /% of Max Input % of E_ Max \

1 0.015 0.08 2.34

2 0.018 0.09 2.81

3 0.007 0.03 1.02

4 0.012 0.06 1.75

5 0.013 0.06 1.95

6 0.010 0.05 1.56

6a 0.025 0.13 3.91

7 0.014 0.07 2.19

7a 0.022 0.11 3.44

8 0.0112 0.06 1.80

8a 0.010 0.06 1.56

9 0.011 0.06 1.72

10 0.018 0.0 2.81

]I 0.026 0.13 3.98
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Since the pressure feedback used to defeat the driving force

capability of the on-line control channels was rolled off

by the low pass filter used in the feedback path, the active

and on/line channels all contributed to the driving force re-

quirements at the 10 Hz input frequency used for the dynamic

threshold tests.

Under this condition, the control channels operate on a pure

force sharing basis. From the test results it appears that

with the high pressure gain valves there is a force fight between

channels which reduces the dynamic pressure gain, resulting in a

greater dynamic than static threshold.

The other possible cause of the higher dynamic threshold is

that the dynamic flow requirement associated with the hydraulic

control circuit requires enough flow at 10 Hz to significantly

reduce the pressure gain of the control valves. The reduced

dynamic pressure gain results in the higher dynamic threshold.

The measured increase in dynamic threshold over the static

threshold for all test conditions is probably a result of a

combination of both of the preceding phenomena.

The percent threshold measured for the 10 Hz input test con-

ditions are considerably lower than that measured on the Bertea

Force Sharing System (by a factor of at least two for the same

test conditions). This demonstrates that the active-on-line

system has better small signal response characteristics than

the previously tested force sharing system.
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5.5.2.2 Dynamic Threshold

Figure 158 shows the data recorded in establishing the dynamic

threshold for Condition 1. A 10 Hz sine wave input was used to

command the test system. This frequency was approximately .5 of

the bandpass frequency at which the - 3 DB amplitude response oc-

curred. As shown on Figure 158, the input amplitude of the

driving frequency was gradually increased with increasing time.

The bottom trace shows the start of the actuator response to the

input signal.

Table 30 shows the dynamic threshold measurements for Conditions

1 through 11. Compared to the static threshold measurements

listed on Table 29, the dynamic threshold measurements are

considerably greater, by a factor of 4 for some test conditions.

This was not anticipated, since the sinusoidal input to the

system generally serves to reduce the dynamic threshold com-

pared to the static threshold in a single channel electro-

hydraulic system. The dynamic threshold measured greater than

10% of the E max input level for test Conditions 2, 5, 8, 9, andV

11. Test Conditions 2 and 5 are with one or more channels failed

and bypassed. Since the bypassed channels have to be moved by

the remaining unfailed channels, some increase from the normal

operating condition (Condition 1) is expected. The increase

from the 9.38% threshold value of Condition 1 is not particularly

great for test Conditions 2 and 5, although the threshold with

two channels failed did reach a value 50% greater than the

threshold measured for test Condition 1. Test Conditions 8, 9 and

11 are with offset inputs to the control channels. For these

test conditions, the dynamic threshold increased approximately

17%.
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DYNAMIC CONTROLS, INC.
Test Data

Date
TEST ITEM - Grumman -National Water Lift Unit Prepared 4/25/79

TEST - Dynamic Threshold - Condition 1

BRUSH ACCUCHART Gould Inc., Instrument Systems Division (C f-je

----------- ------- - -~

-4 4 -- 4-4- 4 -1-- -4 -- 4-4 -- 4 - --- 4 1-- -i - 1---A-4--+ -4 4

- 7 -T T  T  Y 11 -1

4 4:

10.0 Hz Sine Wave Input

Scale: Input = 0.005 v/div

Xou = 0.0000 6 in/div

t = 200 div/sec

FIGURE 158 Dynamic Threshold - Condition 1
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TABLE 30

Dynamic Threshold

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/18/79

TEST ITEM - Grumman - National Water Lift Unit

TEST - DYNAMIC THRESHOLD

Test Dynamic Threshold

Condition Input Volts % of Max Input % of E Max
V

1 0.060 0.30 9.38

2 0.065 0.33 10.16

3 0.053 0.26 3.91

4 0.055 0.28 8.59

5 0.095 0.48 14.84

6 0.060 0.30 9.38

6a 0.030 0.15 4.69

7 0.050 0.25 7.81

7a 0.013 0.07 2.03

8 0.070 0.35 10.94

8a 0.013 0.08 2.03

9 0.070 0.35 10.94

10 0.030 0.15 4.69

11 0.070 0.35 10.94
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5.5.2.3 Frequency Response

Figure 159 shows the frequency response recorded for the

Condition I frequency response measurement. The response for

all test conditions resembled the Condition 1 response in terms

of lack of peaking and the roll-off slopes. Zero Db on Figure

159 corresponds to an input amplitude of 10% of that required

for :aximum actuator output stroke. This test input level

met the criteria of not producing observable output waveform

distortion due to threshold or saturation effects over the re-

corded frequency range.

Table 31 lists the frequency response for Conditions 1 through

11 in terms of the frequency at which the -90 degree phase

angle and the -3 Db am plitude ratio points occurred for each

test condition. For all test conditions, the frequency

associated with the -3 Db amplitude ratio remained relatively

constant. The range of variation of the frequency corresponding

to the -3 Db point was from 23 Hz for the normal operating

condition of Condition 1 to 19 Hz for Condition 5 with two

channels hydraulically failed. The range of the frequency

associated with the -90 degree phase angle was from 22 Hz for

Condition 5 to 35 Hz for Condition 7. The offset input test

conditions gave the highest frequencies corresponding to the

-90 degree phase angle.

'he baseline response of Condition I was #he condition having

the highest amplitude response (-3 Db frequency at a

frequency greater than all other test conditions). The phase

angle change characteristic of the response measurement indicated

a change in the damping of the response with the different test

conditions.
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TABLE 31

Frequency Response

DYNAM{IC CONTROLS, INC.
Test Data

Date Prepared _4/-18/79-

TEST ITEM - Grumman - National Water Lift Unit

TEST - FREQUENCY RESPONSE

Test Output 4% Full Scale

Cniin-3 db Hz -90~ H z

23.0 29.0

2 22.0 27.5

3 20.0 25.0

4 22.0 27.0

5 19.0 22.0

6 22.0 34.5

6a 22.0 34.0

722.0 35.0

7a 19.5 34.0

8 22.0 34.0

8a 20.0 34.5

9 21.0 34.0

10 19.5 28.0

1120.0 26.0
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5.5.2.4 Distortion

Table 32 lists the harmonic distortion measurements for test

Conditions I through 11. The table lists the distortion measure-

ments in terms of the % distortion value difference between each

particular test condition and the value measured for Condition

1. Note that the distortion measurements at three different

frequencies are given. These frequencies correspond to 25%,

50% and 100% of the actuator bandpass frequency. Note that the

baseline harmonic distortion values for Condition 1 are below

2%. These baseline distortion values are less than 61% of

those measured on the Bertea Force Sharing System for the same

test condition and the corresponding three frequencies. Table 32

does not list distortion measurements for test Conditions 6a,

7a and 8a. These test conditions were not used during the

particular test sequence.

The distortion change from the baseline value was below a

difference of 1% distortion for many of the test conditions.

The distortion increased most for the test conditions of one or

two channel failed (Conditions 3, 4 and 5). For the test con-

ditions with a null offset (Conditions 5 through 11) there was a

reduction of the distortion at the 5 Hz test frequency and only

small increase (except for Condition7) in the % distortion at 10

and 20 Hz.

The increase in distortion with channel failures is due to the

loss of driving force capability with the loss of each channel.

The change of distortion with the different test conditions was

somewhat greater than that previously measircd on the Bertea

Force Sharing System. Howover, the distortion characteristics

remained co;xendably low for all the operating conditions and

indicated th.it tije ability of the test system to reproduce the

input signal over the frequency bandpass of the system was very

ood. 3
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TABLE 32

Distortion

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - National Water Lift Unit

TEST - DISTORTION

Test Change of % distortion from baseline value

Condition
% @ 5Hz % @ 10Hz % @20 Hz

1 Baseline Value* Baseline Value** Baseline Value***

2+0.26 +0.60 +0.15

3 +1.91 +2.55 +2.40

4+1.41 +0.05 +0.60

5 +3.51 +3-45 +0.20

6 -0.94 +0.45 +0.20

6a

7 -0.89 +2.58 +2.23

7a

8 -0.86 +0.43 +0.18

8a

9 -U.96 0.43 +0.13

10 -0.77 +0.19 -0.32

11 -0.46 +0.18 +.0.33

- -*1.74% *.9O% ***1.65%
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5.5.2.5 Hysteresis

Figure 160 shows the data recorded in measuring the hysteresis

of the mechanization for Condition 1. The input level used

was + 1% of the input for full actuator position.

Table 33 lists the hysteresis measured for test Conditions 1

through 11 in terms of the actuator full scale input and also

in terms of the input required to generate full flow from the

servovalves. The hysteresis in terms of the input for the

maximum actuator stroke is less than .25% for all test con-

ditions. The measured results expressed in terms of the

actuator stroke are quite similar in range (.98 to .22%) to

those measured on Configuration A of the Bertea Force Sharing

System (.095 to .21%). However, the worst case of hysteresis is

expressed in terms of the input for full flow from the servo-

valves is 6.88% for the active/on-line system versus 27.3% for

the Configuration A force sharing system. This comparison

illustrates the advantage of expressing hysteresis in terms

of the control valve maximum input as well as the control

system maximum input.

As listed on Table 33, the hysteresis for the active/on-line system

remains between 2.5% and 6.88% of the maximum input for full

servovalve flow for all test conditions. Condition 2, with one

channel electrically failed, gave the greatest hysteresis reading.

Condition 8, with two channels having a negative offset input,

gave the lowest reading. The hysteresis values measured com-

pare favorably with a conventional electrohydraulic actuator

and are better than the previously evaluated force sharing

system.
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TABLE 33

Hysteresis

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - National Water Lift Unit

TEST - HYSTERESIS

Test
Condition % Full Scale % of E Max

V

10.16 5.00

2 0.22 6.88

3 0.19 5.94

4 0.18 5.63

5 0.18 5.63

6 0.09 2.81

6a 0.40 3.75

7 0.10 3.13

7a

8 0.08 2.50

9 0.10 3.13

100.18 5.63

110.15 4.69
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5.5.2.6 Saturation Velocity

Figure 161 shows the data recorded for test Condition 1 in

c- .er to determine the saturated velocity of the test system

output. Both the extend and the retract time traces for a step

input of 8.4 volts applied to the input of the test system are

shown. The input amplitude of the step was large enough to

generate maximum flow from the servovalves to the actuator.

Table 34 lists the saturated extend and retract velocities

measured for test Conditions I through 11. Some variation

in the measured velocity compared to that of the normal

operating condition (Condition 1) occurred for each test condition.

The saturated velocity was not less than 5.00 in/sec for any

test condition, which compared favorably with the 5.58 in/second

(extend direction) for the normal operating system.

Note that the actuator output velocity for test conditions

with one or more channels failed (Conditions 2 through 5)

changed very little from that of the normal operating system

(Condition 1).

5.5.2.7 Lialearity

Figure 162 shows the actuator output linearity measured for

Condition 1. The linearity of the mechanization is primarily

determined by the feedback transducers associated with each

control channel and the loop gains of tht individual channels.

The linearity measured for all the operating conditions was

essentially the same as that shown on Figure 162 and was within

1% full scale.

3U7
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DYNAMIC CONTROLS, INC.
Test Data

Date

TEST ITEM - Grumman - National Water Lift Unit Prepared 4/25/79

TEST - Saturation Velocity -Condition 1

Extend Ret ract

Gould Inc., Insruet Systems Div I

in

4 - 4- - 4 1 4--+ + -+ - 4- -- - -- +f- I --- + 

F-J

X 0.1 in/di
o.. ..tu

7. 200divse

ELGURE ~ ~ ~ ~ ~ -- 161 Sau.inVeoiy-Cod.o
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TABLE 34

Saturation Velocity

DYNAMIC CONTROLS, INC.

Test Data

Date Prepared 4/19/79

TEST ITEM - Grumman - National Water Lift Unit

TEST - SATURATION VELOCITY

Test
Condition Extend - in./sec. Retract - in./sec.

1 5.58 5.85

2 5.45 6.00

3 5.58 5.93

4 6.32 6.67

5 5.85 5.85

6 5.45 5.58

6a 7.21 6.59

7 5.85 6.15

7a 5.85 5.39

8 5.58 5.85

8a 6.15 5.85

9 5.71 6.15

10 5.33 5.71

ii 5.00 5.45
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5.5.2.8 Step Response

Figures 163 through 170 show the extend and retract step response

measurements for Conditions 1 through 11. The input level for these

measurements was 10% of the input for maximum actuator position.

This level, since the input was a step, was twice that required

for saturation of the servovalve. Therefore, until the actuator

moved 50% of the total movement in response to the commanded

step, the servovalve was saturated and the actuator moved at a

saturation rate. The remaining 50% of the movement as shown

on Figures 163 through 170 was unsaturated and indicates the

transient response of the mechanization.

The measured response is consistent with the frequency response

measurements. The step response shows no overshoot and no ringing

for any of the test condition. The step response resembles that

of a second order system with a damping ratio of approximately 1.

5.5.3 Failure Transients

Test Conditions 12 through 28 were used to establish the failure

transient characteristics of the active/on-line system. The

test results and the test conditions are arranged in the following

order:

TEST Test Conditions

Electrical Hardover Input Transient 12, 13, 14

(with actuator initially at rest)

Electrical Slowover Input Transient 15, 16, 17, 18, 19, 20

Open Servovalve Coil Transient 21, 22
(with actuator cycling)

Open Servovalve Coil Transient 23
(with actuator at null)

Open Actuator Position Feedback 24, 25
(with actuator at null)

Simultaneous Input transients 26, 27, 28, 29, 30
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM -Grummian - National Water Lift Unit Date

TEST Step Response -Conditions 1 & 2 Peae /07

Extend 
Retract

- m 77

in

- A -I ----

LL-

A-+4-+--+-{ -4--+--j Condition1 L+ 4 -

. ... 10% F.S. Output I ]. ...

out

.. . .. .

Scales:

in O.050-v/div
tX in 0.003 in/div___

___out 
F7777:L ~t 200 div/sec t  

:.=

ini

I T
I h f I1- - 4 1 4-I 1 1 1 - -

-~Condition 2 LI J. ~ jI, - 10% F.S. Output

vIFIGURE 163 Step Response -Conditions I & 2



DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - National Water Lift Unit Date
Prepared 4/-30/79-

TEST - Step Response -Conditions 3 & 4

Extend Retract

77 ~~~in FS upti

-4 -4 1 1 1 -1 Condition 3 -4 -4 4- f + ± 4- -j

7- T
T:I L

Scales:

tEm =n 0.050 v/div >t
-X 0.003 in/div- Lii' 1-

t 200 div/sec

E. A
i n

1 4 44 + ++

7 7

out .

H I(JJRE 164 Step Res~ponse Conditioils 3 &4
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DY'NAMIC CONTROLS, INC.
Test Data

TEST ITEM - Cru=o.an - National Water Lift Unit Date

TEST - Step Response -Condition 5 rped43/9

Extend Retract

--------

F- ~ -{ --- ~ Condition 5P-i- T 7i 10% F.S. output y -

out1

Scales:

tE.i 0 .050 v/div

Xout .003 in/divt

t =200 div/sec

FfH;IJRE 165 Step Response -Condit ion 5

-.. - - - 314



DYNAMIC C-)NTR0L.S, INC.
Test Data

TEST ITEM - Grumman - National Water Lift Unit Date

TEST - Step Response -Coriditions 6 &6a prepared 4/30/79

Extend Retract

E.I

Condition 6
:7 ~ ~ 7 10% F.S. Output I P

h 4 T : o 11t

ttin

IZ~e~ Scales: 000/i

-Y ~ u 200 div/sec

-1 -A j1

10i% F.S. Output

FIGURE 166 Step Response Conditions 6 & 6a
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grummran - National Water Lift Uinit Date

TEST - Step Response -Conditions 7 & 7a rped43/7

Extend 
Retract

_0 F..O t u

-. 4-

Out

Sc ales:

t Ein -0 .050v/divt

X ou 0.003 in/divOut-1- 200 divse FFi

L A

Cc'rdit-ion /a

10 F S.n i ;ut

F1 IRE 167 Step Rt-sponse -COTLditoiifls7 & 7a
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM - Grumman - National Water Lift Unit Date
Prepared 4/30/79

TEST - Step Response -Conditions 8 & 8a

Extend R~etract

T

ini

+ 4 +4 ~ Condition 8 ~-
10% P.S. Output-r --- 4-- ---

U

Scales:

tE.i 0.050v/div
ou 0.0 n/i

t 200 div/sec 4

1:1.:. Ein

I~l I -4i iI

Condition 8a
1U% F. S. Oiltpu t

I K~4~1'~;~ olit I

FiG~URE 168 Step Responlse Cond itions 8 & 8a
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DYNAMIC CONTROLS, INC.
Test Data

TEST ITEM -Grumman - National Water Lift Unit Date

lfEST -Step Response -Conditions 9 & 10 Peae /07

Extend Retract

in

7 -7 :

~A- + 44- II Condition 9 --4

10% F.S. Output

L Xout

Scales:

tE in O.050v/divt
t in0 i / irJL H I1 t Xout -OO~i/i ffK 1 V

Iiin

4~ 1 4 4 4 14

Conditio~n 10)

10% F.S. Outpjut

(l~lt7

Fi(,URE 169 Step ReE! ponse -Conditions 9 & 10
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DYNAMIC CONTROLS, INC.
Test Data

TEST' ITEM - Grununan - National Water Lift Unit Date

Prepared 4/30/79
TEST - Step Response -Condition 11

Ext end R~etract

iin

L: .. ....-

17 4

-

t ili I f .5o/i

E.t 0.00v/div

t = 200 div/sec

v i ;11PP 170 S t ell>j'n - Cond i t i oil1
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Test Conditions 21 through 25 are intended to indicate the effect

of failures detected by the servovalve comparator K (Reference

Figure 155). Test Conditions 12 through 20 and Conditions 24 and

25 are intended to indicate the effect of failures detected by

the input comparator K4 (Reference Figure 155). Test Conditions

26 through 30 are intended to show the effect of simultaneous

input or feedback failures which would not be detected by either

the input or servovalve failure logic comparators.

5.5.3.1 Electrical Hardover Input Transient

Fig,,re 171 shows the effect of a + 10 volt hardover input applied

sequentially to the command path input of channels A, B and C.

As configured, channel A is initially the active channel and

channel B and C are on-line. The output deviation of the system

is 2.5% of the total actuator stroke with a time duration of the

transient of .05 seconds. After the depressurization of channel

A and the transfer of channel B to an active status, the actuator

returns to the initial null position. Upon the second hardover

input into channel B, the system output deviates 5.7% of the

total actuator stroke for a duration of less than .05 seconds.

The transient deviation for both the first and second hardover

input are somewhat larger than that experienced with the Bertea

Force Sharing System. However, the time duration of the transient

with the active/on-line system is much shorterthan that measured on

the force sharing system (.05 seconds versus .85 seconds). Since

the system would be used with a control actuator with a limited

frequency response, that control actuator rqsponse to the shorter

transient of the active/on-line system would be expected to be less

than that of the force sharing system, even though the amplitude

of the transient is greater than that of the force sharing system.

The third input hardover into the command path input of channel C

is detected by the active/on-line system and channel C is depressurized.
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DYNAIC CONTROLS, INC.

Test Data

Date

TEST ITEM - Grumman - National Water Lift Unit Prepared 5/8/79

TEST -Failure Transients - Condition 28

.dveland. Ohio

. ... .Scale: E. =0.500 v/div
in

E A XTut 0.030 in/div
in a ou

t 20 div/sec

~ ~4:

E2 B~

n ± + + -4 -'-H

E. C 4
inl 21

ij7 7
tou t

11

}Fail' Indilcate

FiL;1JPF' 171 Failure Transients -Condition 28
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Figure 172 shows the effect of a hardover input applied sequent:'ally

to the comnand path input of channels A, B and C with the system

configured with channel B the active channel and channels A and C

the second and first on-line channels, respectively. This test

condition shows the effect of the hardover input applied to other

than the active channel as the first failure input. The system

output does deviate with the first failure input, moving 2.5% of the

total actuator stroke for total transient duration of .05 seconds.

For the second hardover input into the coiunand path of channel

B, the output deviation of the system is 6.25% of the total actuator

stroke with a transient duration of .08 seconds. Note that channel

B at the time the hardover was applied was operating in an active

mode. The output deviations with the hardover inputs shown on

Figure 172 are similar to those shown previously on Figure 171. This

indicates that the hardover input creates the same first and second

failure )transients independent of whether the channel being failed

is in the active or the on-line mode. The third hardover input

failure applied to channel C is detected by the failure logic and

channel C bypassed and depressurized.

Figure 173 shows the effect of applying hardover inputs into the

coinnand path of channels A, B and C with the channels initially

configured with channel C the active channel and channels A and

B the on-line channels. The deviation resulting from the first

hardover input into channel A (which is operating in the on-line

:; ode) is 2.5% of the total actuator stroke with a duration of

.05 seconds. The second hardover input failure into channel B

(which is operating in an on-line mode) is 5.3% of the maximum

actua3tor stroke with a transient duration of .05 seconds. The

third failure into the active channel A is detected and the channel

dpressurized and bypassed.
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DYNAMIC CONTROLS, INC.
Test Data

Date
TEST ITEM - Grumman - National Water Lift UnitPrprd 587

TMS - Failure Transients -Condition 13

-i -----1 1) Scale: E. =0.500 v/divj in
E. A <IIX 0.030 in/div

in, 2 out

TV~ z t 20 2div/sec

+-- +___+_

E. Ba I

y--- i----* ----- --- F - - +

7_ I LL

1 ---- 4-4-t-F- -4--i4- f - ++--I--f-

T--

+ F 4- A~ f --4--

jail Idct ---

FIGURE 172 Failure Transients -Condition 13
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DYNAMIC CONTROLS, INC.
Test Data

Date
TEST ITEM - Grumman - National Water Lift Unit Prepared 5/8/79

TEST - Failure Transients - Condition 14

_________________ _________ Scale: E. = 0.500 v/div
in

E out
U j2J ~ T t =20 div/sec

1--4-- f i - 4 - J--A--4

IjEin Bl4

4 I -I 1 4 4 - ± - 1 1 1 - 1 1----- 4 -

I Jj.
I + I I 4 4 I I f I f I -1 4 4

a,9 C

i I Tn i t
____ Ii 7 Filr Trniet Cot'ito 14
I I-I I I I 324



The failure transients shown on Figures 171, 172 and 173 show

that the transient amplitude and duration is independent of the

operating mode of the particular channel to which the hardover input

is applied and is dependent on the redundancy operating mode of the

system.

5.5.3.2 Electrical Slowover Input

Figure 174 shows the effect of a slowover extend input applied

to the cowiand input of channel A with the other system inputs

at null. For this test condition, channels B and C were in the

on-line mode of operation. As shown on Figure 174, the system

output moves in response to the command channel input up to the point

where the input is detected as a failure by the input comparator

K4 (Reference Figure 155) and channel A is both depressurized and

bypassed and the active mode assigned to channel B. The failure

deviation of the actuator output is 2.25% of the maximum actuator

stroke. After failure detection, the actuator returns towards a

null position at a rate which is on the order of .1% of the actuator

stroke per second.

Figure 175 shows the effect of a slowover extend input applied to

the covmmand input of channel B with the other system inputs at null.

The general configuration of the system is the same as for the

failure shown on Figure 174 with channel A the active channel and

channel B and C operating in an on-line mode. For the slowover

extend input into channel B, the actuator deviates .13% of the

total actuator stroke before the input is detected as a failure.

This deviation is considerably smaller than that experienced with

the slowover input applied to channel A. The smaller deviation is

due to the particular mode of operation when the slowover input

failure is applied. Since the pressure feedback used to accomplish

the on-line mode of operation for a channel prevents the on-line

channel from exerting a significant force output (until the pressure
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DYNAMIC CONTROLS, INC.
Test Data

DateTEST ITEM - Grumman - National Water Lift Unit Prepared__6/28/79

TEST - Slowover Input Failures - Condition 15 - Ch A a(Extend)

k i! Ii I I 1t a II ik!i .. . Scale: E i 0.050 v/div
-. -T E. Ch A X -0.003 in/div

in a ou
0 t =2 div/sec

4--+ + - 4 -4 --44 + -4- 4--A -I- 4--J---

E. Ch B1

-- 7

E Ch C'

Xout -

4 41

171il 1 Tnd ica te1 -

IGCHH 174 S'Wwover Input Fa i Itre -Condition 15 -Ch A a(Fxtend)

____ ___ __ _ ___ ____ ___ ___ 326



DYNAMIC CONTROLS, INC.
Test Data
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FIGURE 175 Slowover Input Failure -Condition 15 -Ch B (Extend)
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feedback limit is reached), an on-line channel cannot drive the

system output in response to the slowover input.

Figure 176 shows the result of a slowover extend input applied

to the command path of channel C with the system configured with

channel A the active channel, channel B the first back-up channel

(operating in an on-line mode), and channel C the second back-up

channel (operating in an on-line mode). The failure deviation is

similar to that shown on Figure 175 with a total deviation of the

system output of .13% of the total actuator stroke. This deviation

is similar to that due to a slowover input into channel B and con-

firms that an on-line channel subjected to a slowover input signal

does not significantly affect the output of the system before the

failure is detected and the channel depressurized.

Figures 177, 178 and 179 show the results of applying slowov,_r retract

inputs into channels A, B and C respectively with channel A %c rave

channel and channels B and C the on-line channels. The devi.t I

sho,,ri on Figure 177 is 2.5% of the inaxium actuatot, stroke. :,Is

slightly greater than that measured for an extend slowr:ver

under the sai.le test condition. The rate of return to a null

position after the failure detection is also slightly :aster tla.

for the extend position (approximately .2%/second versus .l%isecntd).

The deviation for the slowover applied to channel B (operating in

the on-line node) is .25% (versus .13% for the extend input). The

deviation for the slowover input applied to channel C (operating in

the on-lii. mode) is .31% (versus .13% for the extend input and

the same operating condition). The difference between the extend

and retract slowover deviations is not significant and is probably due

to the component tolerances of the channels.
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FIGURE 176 Slowover Input Failure -Condition 15 -Ch C 2 (Extend)
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FIGURE 178 Slowover Input Failure -Condition 16 -Ch B1 (Reiract)
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Figures 180, 181 and 182 show the effect of an extend slowover input

applied to channels B, A and C respectively with the other inputs at

null. For the test condition of Figures 180, 181 and 182, the

system is configured with channel B the active channel and channels

A and C the on-line channels. For the slowover input into channel

B's command path input, the actuator output deviates 2% of the

maximum actuator stroke. After the failure is detected, the system

output moves slowly back to a null position. The slowover input

into channel A (as shown on Figure 181), produces a system output

deviation of .31% of the maximum actuator stroke. The same input

applied to channel C produces a system output deviation of .38% of

the maximum actuator stroke.

Figures 183, 184 and 185 show the effect of a retract slowover

input applied to channels B, A and C command paths respectively with

the other inputs at null. The slowover retract input applied to

the command path input of channel B (the active channel) produces

an output deviation of 2% of the maximum actuator stroke before

the failure is detected. The slowover retract input applied to

channel A (operating in the on-line mode) produces an output

deviation of .25% before the failure is detected. The slowover

retract input applied to channel C (operating in the on-line mode)

causes an output deviation of .25% before the failure is detected.

As with the previous system configuration, the extend and retract

slowover input applied to the active channels produce larger

output deviations (by a factor of 5 to 10) then the same input

applied to the on-line channels.
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FIGUI{E 181 Slowover Input Failure -Condition 17 -Ch A (Extend)
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FIGURE 182 Slowover Input Failures -Condition 17 -Ch C 2 (Extend)
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FIGURE 184 Slowover Input Failures -Condition 18 -Ch A (Retract)
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FIGURE 185 Slowover Input Failure - Condition 18 - Ch C2 (Retract)
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Figures 186, 187 and 188 show the effect of an extend slowover input

applied to channels C, B and A respectively with the other inputs

at null. For these particular figures, the system is configured

with channel C as the active channel and channels B and A operating in

the on-line mode. For the slowover input into channel C's command

input as shown on Figure 186, the actuator output moves 2% of the

maximum actuator stroke before the failure input is detected

and channel C depressurized and bypassed. After the failure is

detected and the active channel mode transferred to channel B,

the actuator output returns towards null the rate of return re-

quiring approximately 14 seconds to reach the null position. The

slowover input applied to the command path of the channel B operating

in the on-line mode causes the actuator output to deviate .13% of the

maximum actuator stroke before the failure is detected. The slowover

extend input into the command path of channel A operating in an on-

line mode causes the actuator to deviate .13% of the maximum

actuator stroke before the failure is detected.

Figures 189, 190 and 191 show the effect of a retract slowover input

applied to channels C, B and A respectively with the other inputs at

null. For these figures (as for Figures 186, 187 and 188) the system

is configured with channel C operating in the active mode and channels

B and A operating in the on-line mode. The deviation for the slow-

over retract input applied to the command path of channel C is shown

on Figure 189 and is 1.75% of the maximum actuator stroke. The actuator

returns towards null after the failure input is detected, taking

approximately 10 seconds to reach the null position. Figure 190 shows

the same input applied to the command path input for channel B oper-

ating in the on-line mode. The actuator output deviation is .13% of the

total actuator stroke. Figure 191 shows the retract slowover input

applied to the command path of channel A operating in the on-line

mode. The actuator output deviation is .25% of the maximum actuator

stroke.
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FIGURE 189 Slowover Input Failures -Condition 20 -Ch C a (Retract)
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The preceding Figures 176 through 191 show the effect of both

extend and retract slowover input failures with the active/on-line

system configured in three different ways. These configurations

vary the active channel assignment between channels A, B and C

(with the remaining channels for each active channel assignment

being assigned the on-line mode of operation).

The effect of the slowover input failures for all of these test

conditions is quite similar. The slowover input failures into

the command path of the active channels produces actuator output

deviations of nominally 2% of the maximum actuator stroke. The

same input into a channel operating in the on-line mode produces

actuator output deviations of nominally .2%.

The amplitude of the actuator deviations caused by the slowover input

failure to an active channel is from two to three times greater than

that measured on the Bertea Force Sharing System configurations.

The slowover input into the on-line channels causes less actuator

output deviations (by approximately one half) than that measured

on the Bertea Force Sharing System for slowover input failures.

In general, the actuator output deviation of a redundant system with

slowover input failures is directly determined by the failure detection

level for the configuration and the degree of force fight limiting the

output motion. The detection level for the active/on-line system was

set at 10% of the input for total actuator stroke. The Bertea Force

Sharing System detection level was set at 4% of the maximum input

voltage for maximum actuator output stroke. From just the failure

detection level, the deviation resulting from a slowover input

failure would be expected to be lower with the Bertea system than with

the active/on-line system. In addition, because the force sharing

system provides a "motion restricting" force fight for failures of a

single channel (and the active/on-line does not until the pressure

feedback of the on-line channels saturates), the deviation with the

force sharing system would be expected to be lower. The expected

results were confirmed by the slowover input test results.
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5.5.3.3 Open Servovalve Coil Failure Transients

The failure transient resulting from inner loop failures of the

active/on-line configuration was evaluated as part of the test

program. This type of failure depends on an inner loop failure

detection logic in order for failure detection and corrective action

to be taken. Servovalve and pressure feedback loop failures of the

active/on-line system are detected by comparator KI (Reference Figure

155). The normal hardover and slowover input failures used for the

preceding input failures exercise comparator K4 rather than K . Since

the mechanization averages the model and command path control errors

immediately after K4, the K1 comparator is required to detect

servovalve and pressure feedback loop failures. Open coil servo-

valve failures are a passive type failure and are not detected

until the system is subjected to a dynamic input, since the servo-

valve has no input when the system output is not moving. There-

fore, the effect of an open servovalve coil was evaluated with the

system cycling at 1 Hz at an input command (and output displacement)

of 10% of the maximum actuator output displacement.

Figure 192 shows the effect of a servovalve coil failure first

in channel A and then channels B and C (with the system configured

with channel A active, channel B the first backup channel and

channel C the second backup channel). The top chart strip of Figure

192 shows the command input applied to channels A, B and C. The

second chart strip from the top shows the actuator output motion.

The bottom three chart strips show the failure indicate voltages of

the system, corresponding to detected failures of channels A, B and

C. As shown on Figure 192, for the first failure into the active

channel the output deviation is 1% of the maximum actuator stroke,

with the deviation lasting a total of .15 seconds. The second coil

failure (channel B) produces an amplitude deviation of 3.5% of the

inaximum actuator stroke. The third failure (channel C) is detected

and the channel depressurized.
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Note that the servovalve coil failure effects shown on Figure 192

are with the channels being failed operating in the active mode.

After the failure of the channel A coil, the active channel is

transferred to channel B. Channel C's servovalve coil for the

third failure occurs after a failure of channel B makes channel

C an active channel.

Figure 193 shows the effect of open coil failures occurring in

on-line channels (as opposed to Figure 192's open coil failures in

the active channels). For the configuration operating with channel

A the active channel and channel B and C the on-line channels, the

first open coil failure in on-line channel B creates an output

deviation of 1.5%. The second failure creates an output deviation

of 3.0% of the maximum actuator stroke. The relatively large

transients (compared to those encountered with the slowover failures)

of the on-line channel failures is due to the response characteristic

of the pressure feedback loop. The pressure feedback loop operates

only at very low frequencies. At the 1 Hz input frequency used

for Figures 192 and 193, the pressure feedback is ineffective and

the mechanization and the configuration is operating as a force

sharing system. Therefore, the failures within the on-line

channels at frequencies above the break frequency of the pressure

feedback loop (.03 Hz) have the same effect on the system output

as failures of the active channel.

Figure 194 shows the effect of an open servovalve coil on the system

output with the input to the control system at null. For this

test the control system was configured with channel A as the active

channel and channels B and C the on-line channels. The first open

coil failure is applied to channel B. This causes a gradual output

change (the channel B servovalve is not electrically controlled and

the null unbalance output flow from the servovalve causes the system
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FIG[1RE 194 Servovalve Coil Failures -Condition 23 -Chs Bit C 2 & Aa
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output to drift). The failure is not detected until the actuator

feedback drives the channel B servovalve model to a failure

detection level by comparator K (reference Figure 155).

The output deviation resulting from the channel B failure is 1.5%

of the actuator maximum stroke. After the failure detection, the

actuator returns towards the original null position and stops

at a null offset of .75% of the actuator stroke. The second

open feedback coil failure causes an output deviation of 2%

of the maximum actuator stroke. As shown on Figure 194, the third

open feedback coil failure occurs in channel A immediately after

the second servovalve open failure and causes the failure logic

to disable channel C.

5.5.3.4 Open Actuator Feedback Failure Transient

Figure 195 shows the effect of an open actuator feedback signal

in the model path of an active channel. The demonstrator.

as mechanized used a switch in the model path feedback only,

precluding the option of failing the command path actuator

feedback signal. Since the command path feedback for no input

command to the system would prevent the actuator output from

drifting and the model path feedback failure from being detected,

the effect of the failure was evaluated with a dynamic input to the

system. The input used was a I Hz sinusoidal input at an ampli-

tude of 10% of the maximum command input. As shown on Figure

195, th- open actuator feedback failure of channel A causes an

output deviation of 3.5% of the maximum actuator stroke. The

second feedback failure into channel B causes an output deviation

of 4.5% of the maximum actuator stroke. The time duration of the

transient for both channel failures is .05 seconds. The third

feedback failure into channel C is correctly detected and the

channel depressurized.

353



DYNAMIC CONTROLS, INC.

Test Data

TEST ITEM - Grumman - National Water Lift Unit Date 6/87
Prepared__/87

TEST - Actuator Position Feedback Failure
Condition 24 - hs A at B1, C2

~~ ti :F4
--- -------- --- .......I--

KLL ±----1 4-A-+--+-±-A - ft- I 4 -

FaiL~ndicatei~:jI.: J.I.ail Indica0.06tndi

+-- -~ 1E, 0.100 v/div

_.II7L~i I .n -.I~J? x 1O i/i
+ii -:~ I + 4 I u

I~~ ~~~~ 20ii div./sIec I ~1I

Fai Inict I-
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Figure 196 shows the effect of an open feedback failure of

the model path to an on-line channel. Since the actuator

is operating at 1 Hz, the on-line channels contributed to the

force output of the system. Therefore, the on-line channel

open feedback failure effects are similar to that of the active

channel feedback failures. For the first open feedback failure

of channel B, the deviation of the system output is 2% of the

maximum actuator stroke. The second failure of charnel C

also causes a deviation of 2% of the maximum actuator stroke.

The duration of the deviations is from .05 to .075 seconds.

This test demonstrates that the failute logic detects correctly

the feedback failures under dynamic conditions and transfers

the active channel control to the correct channel with a reason-

ably short duration and low amplitude transient. Since the

feedback failures are of the model paths, rather than the control

paths, the output transients observed are due to the failure

logic transferring out the failed channels. The transient

might be different if the failures were in the command paths of

the control channel.

5.5.3.5 Simultaneous Input Failure Effects

Figure 197 shows the effect of simultaneous loss of both the

command path and model path input signals in one channel

of the active/on-line system. As shown on Figure 197, the

system is configured with channel A the active channel, channel

B and C the on-line channels. On Figure 197, the top three data

strips show the inputs to the three channels. Initially all

three channels are driven with the same 10 Hz input at an amplitude

corresponding to 10% of the input for the maximum actuator position.

This is the maximum input level which can be used without rate

saturation over the entire system bandpass. At the 10 Hz input

frequency, all channels are contributing to the driving force

of the systm output, since the pressure feedback signals for the
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on-line channels are effective only below 1 Hz. The loss of

the input to channel A is not detected as a channel failure,

since the failure creates an identical input for both the model

and command path of the channel. The loss of channel A's input

creates a force fight between channel A and channels B and C.

The net effect is a reduction in output amplitude to 57% of

that measured with no failed input. For the second failure of the

input to channel B, the amplitude is reduced to 32% of the

amplitude with no input failures. For this second failure,

channel A and B are being commanded to a null output position and

channel C is commanded to respond to the 10 Hz input, resulting in

a force fight between the three channels. For the third input

loss, all three channels are being commanded to a null position

and the output of the system responds to that null command. These

results are that of a three channel force sharing system without

any failure detection and switching. The output change is that

of a simple force vote between the channels with a null input

and a 10 Hz input.

Figure 198 shows the effect of positive hardover input signals

applied to both the command and model path inputs of channels

A, B and C. Since the hardover inputs are applied to both the

command and model path inputs at the same time, the failure logic

for each channel does not detect the failure. The effect of

the hardover input into channel A (as shown on Figure 198) is

a small initial offset of the actuator output and then a gradual

displacement away from the original position until a steady dis-

placement away from the original position stroke is approached.

The limited initial deflection upon the application of the hardover

input into the active channel A is due to the action of the negative

pressure feedback loop on the on-line channels not being effective

for dynamic inputs. The on-line channels oppose the active

cha'inel dynamically. The gradual drift of the system output after
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the initial deflection is due to the pressure feedback reducing

the force output of the two on-line channels. The amount of

change of the system output is limited to approximately 10%

of the actuator maximum stroke because of the pressure feedback

saturation limits. Once the pressure feedback saturates, the

on-line channels regain their force output capability and oppose

further motion of the system output due to the hardover input

into channel A.

The second hardover input into channel B (operating in the on-line

mode) causes the actuator output to move to a position 30% of

the maximum actuator stroke from the initial biased input position.

This final position corresponds to the full actuator motion in

the extend direction, since the initial position was a position

equal to 50% of the motion in the extend direction. This motion is

to be expected, since with the hardover input, two channels are

commanded to a full extend position and one channel commanded to

the original 50% extend position. The force capability of the two

channels with the hardover inputs easily overcomes the force output

of the channel without the hardover input, allowing the output

to go to a full extend position.

The third hardover input into channel C does not effect the

output position of the system. All three channels are com-

manded to a full extend position, which is the same output

position of the system that resulted from the second hardover

input (into channel B).

Figure 199 shows the effect of negative hardover input signals

applied simultaneously to both the command and model path inputs

of channels A, B and C. As with Figure 198, the hardover inputs
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are applied sequentially to channels A, B and C. For this test

condition, channel A is assigned the role of active channel and

channels B and C are on-line channels. The effect of the first

simultaneous input failure applied to channel A is to create

a small (2.5% of the maximum actuator stroke) initial output

deviation in the retract direction of the actuator. After the

initial movement, the output moves over a 3.5 second time

period to a position 10% of the maximum actuator stroke away from

the initial position in the retract direction of motion. The

initial movement is limited by the dynamic force fight of the

on-line and active channel. The movement over the 3.5 second

time period is due to the pressure feedback of the on-line

channels gradually eliminating the force output of those channels,

allowing the active channel to drive the system output in the

retract direction. The motion of the output with the active

channel subjected to the hardover negative input is limited

to approximately 10% of the total actuator stroke. The limit

on the output motion is established by the pressure feedback

saturation limits. Upon reaching the saturation limit of the

pressure feedback, the on-line channels achieve a force output

which then opposes the output force of the active channel,

stopping the output motion of the system.

As shown on Figure 199, the effect of the second hardover input

applied simultaneously to channel B is to cause the output of

the system to drive hardover in the retract direction. The

time required to reach the final position after the application

of the hardover input is .15 seconds. During this motion, the

pressure feedback for the on-line channels is not effoctive and the

two channels (A and B) simply overcome the force output of channel

C. The third simultaneous input failure does not effuct the

position of the system output with the third hardover, all three
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channels are commanded to the same position. Note that the

position of the system is at a 50% retract position after the

2nd hardover input. This is consistent with the input being

the sum of a 50% extend bias input and a 100% retract input

for the hardover command.

Figure 200 shows the effect of positive hardover inputs

applied simultaneously to the command and model paths of the

control channels while the system is operating with a 10 Hz

input with an amplitude of 10% of the input for maximum actuator

position. The hardover is applied sequentially to channels

A, B and C. The effect of the first hardover into channel A

(the active channel) is a steady state shift of the actuator

output of 10% of the maximum actuator stroke. The shift is in

the extend direction. In addition to the null shift, the

actuator response to the sinusoidal 10 Hz input is reduced in

amplitude from 10% to 7.5% of the maximum actuator stroke. The

effect of the second hardover input into channel B is to cause

a null shift of an amplitude equivalent to 35% of the maximum

actuator stroke. The amplitude response to the 10 Hz input

is reduced to 5% of the maximum actuator stroke. The null shift

resulting from the hardover inputs is consistent with a force

sharing system operation. For the first hardover input, the

null shift is limited by the saturation of the pressure feed-

back signal. For the second hardover input, the two channels

with the hardover input overpower the third channel and drive

the system output hardover. The third failure of the channel

C input has little effect on the system output since the input

change brings the third channel input into agreement with that

of channels A and B. j

L
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Figure 201 shows the effect of a negative hardover inpuc simultan-

eously applied to the command and model paths of each control

channel while the system is operating with a 10 Hz input at an

amplitude of 10% of the input for maximum actuator stroke. The

hardover input is applied sequentially to channels A, B and C.

The effect of the first hardover input into channel A is to

cause the steady state operating position to move in the retract

direction an amount equal to 10% of the total actuator stroke

within a time period of approximately 3.5 seconds. No change in

the amplitude of the response to the 10 Hz input occurred with this

first input failure. The effect of the second failure into channel

B is to cause the actuator output to move in the retract direction

an amount equal to 35% of the total actuator stroke. This move-

ment occurs within a .15 second time period. The end position

is approximately equal to the full retract stroke position.

The results of the application of the simultaneous hardover failures

for both positive and negative inputs are similar. The motion

of the system output which results from these failures is con-

sistent with the performance expected from a force sharing system

having a low response negative pressure feedback loop of limited

range used intwo of the three control channels. Without the

failure logic detecting failures, the active/on-line system

becomes this type of force sharing system.

5.5.4 Failure Logic Detection Characteristics

5.5.4.1 General

This section presents the limited test data on the failure detection

characteristics of the active/on-line system as evaluated. The

data presented is the failure detection characteristics for

input failures in terms of amplitude and frequency. The evaluation

of the inner loop failure monitoring was not included as part of

this investigation. Since the amplitude of the transients resulting

from a control channel failure are affected by the characteristics for
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the characteristics of the failure detection system, documentation

of the characteristics as part of the active/on-line evaluation is

worthwhile. The test results present both the static detection

level of each channel as measured by an input voltage to the

command path input of that channel. The test results present alsc the

highest frequency at which an input amplitude of 110% of the static

detection level for a channel will be detected as a failure.

5.5.4.2 Specific

Figure 202 shows data taken in order to establish the failure

detection level for channel A slowover failure detection level.

A ramp input is applied to the channel A command path input while

all other inputs are grounded. The input voltage activating the

failure indicate light is defined as the failure detection level.

Table 35 lists the extend and retract direction failure detection

input voltages for each channel. The detection level as a function

of the configuration used (in terms of the channel assigned the

active and on-line modes) is included in the table. As shown on

Table 35, the nominal voltage for initiating failure is 1 volt.

This corresponds to an input variation of 10% of the input for

maximum actuator stroke. The failure detection voltage was not

effected by the mode configuration of the channels. The variation

in the failure detection voltage was within 10% of the nominal

voltage for all test conditions.
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TABLE 35

Failure Detection Level - Static

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 6/29/79

TEST ITEM - G;rumman - National Water Lift Unit

TEST - Failure Detection Level - Static

Test Channel Fail Voltage

Condition Configuration Ch - 1

Extend Retract

AB 1 C2 A +1.03V -1.03V

1 AB 1C2 .O -.

B__ A 1 C2 B +l.OOV -1.03V

1 A1 2 B 10V-.5

B_ A 1 C2 C +1.05V -l.OOV

a 1 2 A +1.05V -l.03v

C___ B 1 A2 B +1.03V -0.95V

a 1 A2 C +1.05V -l.OOV

1 C B6A



Figure 203 shows the data obtained in measuring the channel A

dynamic detection level characteristics. The system was configured

with channel A the active channel, channel B and C the on-line channels.

The input to the command path input of channel A is maintained at

an amplitude of 110% of the input required to cause failure detection

with a slowover input and the frequency of the input signal varied.

As shown on Figure 203, the frequency of the input is gradually

being reduced until the fail indicate signal shows that the

channel is voted as failed and depressurized.

Table 36 shows the results of the dynamic detection level evaluation.

The nominal failure frequency for the test input amplitude is 3 Hz.

The lowest frequency at which failure was declared was 2.67 Hz

while the highest frequency was 3.7 Hz. The failure detection re-

sponse was considerably lower than that of the system, indicating

that oscillatory failures would not be detected over a large

portion of the actuator system frequency response. As shown on

Table 36, the failure detection frequency was a function of the

particular channel being tested and not the configuration of

the system with respect to the operational mode of the system.
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TABLE 36

Failure Detection Level - Dynamic

DYNAMIC CONTROLS, INC.
Test Data

Date Prepared 6/29/79

TEST ITEM - Grumman - National Water Lift Unit

TEST - Failure Detection Level - Dynamic

Test Channel
Condition Configuration

Aa B1 C2 A 3.03

Ba I C2 C 2.67

1 B A1 C2  A 3.17

Ba 1 C2 B 3.70

Ba 1 C2 C 2.63

C BI A2  A 3.03

Ca B1 A2  B 3.70

C B1 A2  C 2.78
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6. CONCLUSIONS AND RECOi2'1NDATIONS

The force sharing and active/on-line Fly-By-Wire mechanizations

performed satisfactorily in terms of providing a Fly-By-Wire

secondary actuator with "two failure" tolerance capability. Both

demonstrators used electronics which would require development

in order to be representative of the electronics which are a

necessary part of the mechanization when it is used for flight

hardware. The actuator portion of the demonstrators were repre-

sentative of the hardware which could be used in an actual aircraft

installation.

The nominal measured performance of both mechanizations appeared

satisfactory for secondary actuator applications. The frequency

response and distortion characteristics of both mechanizations

were similar. The active/on-line mechanization exhibits better

threshold and hysteresis characteristics than the force sharing

system, probably due to the use of higher pressure gain control

valves.

The addition of the pressure equalizer to the basic force sharing

system did increase that mechanization's tolerance to control input

mismatches. The pressure equalizer did not affect the nominal

performance of the system in the other characteristics measured.

The use of the pressure equalizer with the integrator did not

benefit the measured performance of the system. The force sharing

system did exhibit a higher dynamic threshold with the integrator

than without.

The system output motion transients with injected failures re-

mained below 2% of the total actuator stroke for both systems and

the majority of the test conditions. The failure transient for

the force sharing system was generally on the order of 1% of

the maximum actuator stroke and was lower than that measured

on the active/on-line system. However, the difference between
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the failure induced transients measured with the two systems may

be because the detection level for channel mismatches were

different. The detection level was 4% of the maximum command

input for the force sharing system and 10% of the maximum command

input for the active/on-line system. The failure detection

level differences affect primarily the transient associated

with slowover type failures.

The transient duration characteristics were better for the active/

on-line system than for the force sharing mechanization. The

active/on-line system limited the duration of the failure tran-

sients after failure detection to .15 seconds or less. The

failure transient duration for the force sharing system was

nominally .85 seconds.

Simultaneous failures were not correctly detected by either

mechanization. The time window limitation defining "simultaneous

failures" depends on the failure logic time delay and latching

characteristics.

The active/on-line system requires 6 separate inputs for the

command input. The force sharing system requires 4 separate

inputs to accomplish the same failure mode capability. The

additional input transducers required by the active/on-line

system is a disadvantage in terms of cost and maintenance

reliability.

The response characteristics of the failure logic for both systems

was considerably below the response of the actuator itself. This

would allow oscillatory failure inputs to drive the system output

without the failure being detected. Since both systems operate

as a force suitmation system at high frequencies, the response

of the system to oscillatory channel failures that are not detected

by the failure logic is amplitude limited. However, the effect
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of the output motion at the frequencies where the failure logic

does not detect input failures should be considered when using

either system for a flight application.

Based on the testing performed and the test results obtained,

it is concluded that both the force sharing and the active/

on-line configurations are mechanizations which perform the

desired functions of an electro-hydraulic secondary actuator

redundant system. It is recommended that any further evaluation

should address the other relevant aspects of the mechanizations

such as weight, volume, power consumption, cost and life cycle

costs for flight control system application.
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